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ABSTRACT
Compensatory mitigation for unavoidable impacts to wetlands has been met through four 
methods: creation, restoration, enhancement, and preservation of existing wetlands.
While creation, restoration, and enhancement are predominantly permitted due to greater 
adherence with "no net loss" policies, these options continue to pose questions of 
equivalency and success. Thus, an increased interest in preservation as a compensatory 
mitigation option, coupled with a shift in environmental decision-making to a watershed 
approach, warranted a protocol to target preservation areas within a watershed for 
compensatory mitigation.
In order to accommodate a decision-making protocol on a watershed scale, a geographic 
information system (GIS) was utilized for its capability to map and analyze a large 
geographical area and numerous factors. In addition, GIS provides the means to develop 
this protocol as an exportable model for applications to other coastal watersheds. Thus, 
data resources were selected to reflect those accessible to local and statewide decision­
makers. The York River watershed in central Eastern Virginia was selected as a case 
study due to the availability of data resources, its proximity for the field component, and 
three sites previously preserved through the National Estuarine Research Reserves 
System (NERRS) with which the protocol could be tested due to similar site-selection 
criteria.
In an effort to address compensation of wetland functions lost or impaired, the protocol 
focused on three functions important to society for their environmental and economic 
benefits - water quality improvement, flood mitigation, and habitat. The opportunity to 
perform or provide these wetland functions was evaluated by specific landscape attributes 
such as position in the watershed, the presence or absence of RTE species, and 
anthropogenic influences, namely point discharge sites, roads, and surrounding land use. 
A wetland’s effectiveness at performing or providing these functions was evaluated by its 
biological, chemical, and physical properties using wetland type and size. The protocol 
then allowed for further prioritization of the targeted areas based on the degree of threat. 
Field visits of priority sites were conducted in October 1997 in order to verify the GIS 
data where possible and assess additional site characteristics currently unavailable in a 
GIS format.
With six GIS data coverages, it was possible to develop a protocol with which to target a 
small number of sites within a watershed for preservation. No sites met the land use 
criteria due to the York River watershed’s undeveloped character. Fourteen of the twenty 
sites which met all other criteria and closest matched the land use criteria were visited; 
GIS data were verified and additional site characteristics were noted. While none of the 
three NERRS sites were identified by the protocol, a close examination of their original 
selection revealed the emphasis on research potential, which was not a priority for this 
preservation protocol. In addition, the NERRS sites are predominantly wetland types 
which were not prioritized through this protocol.
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TARGETING WETLAND PRESERVATION AREAS 
FOR COMPENSATORY MITIGATION UTILIZING A GIS PROTOCOL
2INTRODUCTION
The understanding and management of wetlands in the United States has evolved 
predominantly within the last twenty years from a combination of scientific research and 
societal pressures. Wetlands were first defined as “waters of the U.S.” and qualified for 
regulation under Section 404 of the federal Clean Water Act (CWA) by the 1975 decision 
in the Natural Resources Defense Council v. Callaway case. The D.C. District Court 
found that Congress had intended to regulate all waters under the commerce clause 
regardless of navigability (Tabb and Malone, 1992).
In 1978, a mitigation sequencing protocol was developed by the Council on 
Environmental Quality to aid in the CWA Section 404 permitting process 
(40 CFR Section 1508.20). The sequence encompasses five steps which generally have 
been consolidated into three steps: avoidance of the impact altogether, minimization of 
the impact through limits, and finally, compensation by replacement or substitution for 
the unavoidable impacts. In 1990, the U.S. Environmental Protection Agency (U.S.
EPA) and the U.S. Army Corps of Engineers (the Corps) formally agreed to apply the 
mitigation sequence in reviews of applications for wetland impacts. Due to the number 
of applications permitted by the Corps, however, the last step in sequencing - 
compensation - has taken center stage. Compensation is met through four methods:
3creation of new wetlands from non-wetland areas, restoration of former (non-functional) 
wetlands, enhancement of degraded wetlands, and under certain circumstances, 
preservation of existing wetlands.
Creation, restoration, and enhancement options predominantly are selected for 
compensation by permitting agencies both before and after the federal “no net loss” policy 
was advanced by the National Wetland Policy Forum in 1988. Developed by this forum 
of state governors, state agency chairs, municipal officers, environmental organization 
representatives, farmers, and business leaders, this policy calls for no overall net loss of 
wetlands, with a long-term goal of increases in wetlands by quality and quantity 
(National Wetlands Policy Forum, 1988). The policy was adopted by both the Bush and 
Clinton administrations in 1988 and 1993, respectively. Recommendations that led to 
this policy indicate that damages to functions are to be mitigated. Yet limitations in 
understanding of wetland functions and the ability to assess such functions have often 
reduced mitigation to “a numbers game,” in which loss and replacement have been 
measured simply in terms of acreage rather than function (Brumbaugh, 1995; Wilen, 
1995).
Where the three preferred methods of compensation are utilized, however, questions of 
equivalency and success arise due to monitoring, time, and cost requirements. According 
to a 1992 National Academy of Sciences report, mitigation efforts in general cannot claim 
to duplicate lost wetland functions, and specifically, restoration efforts have not been
4shown to maintain regional biodiversity (Race and Fonseca, 1996, citing the National 
Research Council, 1992). A nationwide survey of compensatory mitigation projects 
found a low success rate of permit-linked mitigation (Race and Fonseca, 1996). King and 
Bohlen (1994) concluded that cost estimates of wetland restoration projects with a 
reasonable chance of replacing lost wetland functions are routinely understated, thereby 
not allowing mitigation options to be evaluated. Mitsch and Wilson (1996) assert that 
creation and restoration projects of freshwater marshes may require fifteen to twenty 
years to determine success or lack thereof and at least 50 years for some coastal salt 
marsh restoration projects (citing Frenkel and Morlan, 1991). Theoretical arguments 
against the creation of wetlands also have been made (Havens et al., 1995). In fact, 
several U.S. EPA officials have agreed that compensatory mitigation is not working at 
this time (Barnard, 1993).
In recent years, interest in preservation as a compensatory mitigation option has increased 
and will most likely continue to do so for a number of reasons. It seems to allow for a 
faster and easier permitting process for both the applicant and the agency. It also may be 
preferred to creation, restoration, or enhancement based on site-specific and 
compensation conditions, such as in-kind, on-site requirements. As wetlands for 
compensation within the same watershed or of the same type become more scarce, 
preservation through mitigation banking or purchase compensation will gain more 
acceptance. For example, in the Spring of 1996 the commonwealth of Virginia legislated
5the use of mitigation banking for tidal wetland losses as all or part of compensation 
requirements where sites “ecologically preferable to practicable on-site and off-site” 
options are identified within the same watershed (Code of Virginia, Section 28.2-1308).
Wetland preservation also may increase due to recent modifications of the Corps’ 
Nationwide Permit program. As part of the reissuance process effective February 11, 
1997, the Corps chose to modify NWP 26, which was developed in 1977 to permit 
activities in headwaters and isolated water discharges (U.S. ACE, 1996a). Whereas the 
thresholds between a pre-construction notice (PCN), nationwide permit, and individual 
permit were previously up to one acre, one to ten acres, and above ten acres impacted, 
respectively, the new thresholds are one-third to one acre for a PCN, one to three acre 
impacts under NWP 26, and above three acres requiring an individual permit. While the 
Corps’ Final Notice states that activities impacting less than one acre are generally minor 
in nature and should not always require compensatory mitigation, Corps district officials 
have been directed to compensate for most projects from one-third to one acre in size. As 
the Final Notice outlines, in most cases, mitigation for impacts below one acre will be 
most beneficial through mitigation banks and ‘in lieu fee’ programs through states, 
counties, and land trusts to create, restore, enhance, and preserve wetlands. Although the 
Corps was ordered in October 1997 to hold a new public review and comment process for 
several of the recent modifications to NWP 26, the changes regarding size thresholds and 
compensatory mitigation will remain intact until the next reissuance process (National 
Association Of Home Builders, 1997).
6The purchasing of wetland areas to be preserved in perpetuity as mitigation has been 
performed by two methods: direct purchase of the area by the permit applicant or the 
transfer of funds from the applicant to a third party which acquiesces and manages the 
area. Since the mid-1980s, the Florida Department of Environmental Regulation, now 
the Department of Environmental Protection (DEP) has accepted the donation of off-site 
wetlands as compensation for wetland impacts where creation or enhancement is 
infeasible. Florida DEP's preservation-as-compensation policy requires the applicant to 
locate and perform a subjective evaluation of the proposed donated area based on whether 
any governmental or environmental organization intended to purchase the area, degree of 
threat if the area is not preserved, presence of rare, threatened or endangered (RTE) 
species or habitat, whether the area offsets the impacts, and the type of conservation 
instrument possible (i.e. conservation easement) (Birkitt and Gunter, 1989). This 
evaluation then must be formally presented to the DEP for review. In addition to this 
initial time and cost investment, the applicant also must identify an area which meets a 
10:1 mitigation ratio. While Florida’s policy does not establish a hierarchy of preferred 
mitigation options, the purchase option is less preferred due to the intensive procedure for 
the applicant (Gunter, pers. comm., 1997).
Unlike Florida's policy which prohibits cash payments to the permitting agency as 
compensatory mitigation, the ‘Virginia Wetlands Restoration Trust Fund’ was developed 
in 1994 and implemented by August 1995 specifically to collect such payments to be
7used for the restoration or purchase of wetland areas. The payments are collected in lieu 
of other compensation options and held until a third party, the Nature Conservancy, in 
conjunction with the Corps' approval, identifies and purchases a wetland area within the 
Commonwealth. Within the first fourteen months of policy implementation, all but one 
applicant offered the option of contributing to the trust fund had accepted (Culpepper, 
pers. comm., 1996). Further interest in this policy to allow preservation as a 
compensatory mitigation option for unavoidable impacts to wetlands has been expressed 
by the U.S. EPA and the Chesapeake Bay Program.
Although no known precedent exists in other states, the Corps-Norfolk District developed
the Virginia Wetlands Restoration Trust Fund with authorization from the 1991
amendments to the NWP program. The specific text was published in the Federal
Register on November 22, 1991, stating that:
“...to the extent appropriate, permittees should consider mitigation banking 
and other forms of mitigation including contributions to wetland trust funds, 
which contribute to the restoration, creation, enhancement, or preservation of 
wetlands” (U.S. ACE, 1991, p. 59146).
The Trust Fund is implemented through a Memorandum of Understanding (MOU)
between the Nature Conservancy and the Corps (Appendix A). According to the MOU,
funds are offered as mitigation by applicants to compensate for wetland losses related to
the issuance of a Corps NWP (The Nature Conservancy and the U.S. ACE, 1995).
Contributed funds are determined by the Corps upon evaluation of current costs (per acre)
to create a wetland and mitigation banking prices. Creation costs include local land
values based on tax assessments, availability of the area, and excavation costs
(Culpepper, pers. comm., 1996).
Once a number of permittees have contributed to the Trust Fund, priority sites are 
identified by the Nature Conservancy and approved by the Corps. As outlined in the 
MOU, site-selection of preservation areas is to be based on site suitability, maximum 
return on expended funds, and level of threat. In addition, watersheds receiving the 
greatest impacts should be targeted, where practicable. The Nature Conservancy uses the 
presence of RTE species and communities on-site in determining site-suitability and 
degree of threat; maximum return on expended funds involves the ability to get a “good 
deal” utilizing tax incentives offered by the Nature Conservancy as a non-profit 
organization during real estate negotiations (Crowe, pers. comm., 1996).
Goals of the Trust Fund call for compensatory mitigation at a 10:1 ratio for preservation 
areas and 2:1 for restored or created wetlands (The Nature Conservancy and the U.S. 
ACE, 1995). While there is a stated preference for restoration or creation over 
preservation, restoration and creation projects involve a level of uncertainty for both the 
permittee and permitting agency as to the their eventual success. Costs for such projects 
are generally higher as well. In addition, restoration or creation may not allow for a 
maximum return on expended funds in comparison to purchases by a third party with 
non-profit status offering tax incentives (Crowe, pers. comm., 1996).
Increasing interest in and utilization of preservation as compensation, coupled with a shift 
in environmental decision-making processes toward a landscape approach, warrants a 
study of the policy implications and applications of preservation as compensation on a
9watershed scale. Specifically, the focus has shifted from site-by-site compensatory 
mitigation projects which “tend toward cookbook approaches to satisfy numerical acreage 
requirements” to a watershed area as a practical and effective landscape unit for the 
evaluation and management of landscape-level wetland functions (Renner, 1995; Foote- 
Smith, 1996).
In order to accommodate an analysis on a watershed scale, a geographic information 
system (GIS) was utilized for its capability to map and a large geographical area and 
analyze numerous factors. The North Carolina Division of Coastal Management recently 
developed a functional assessment method utilizing a GIS format, concluding that a GIS- 
based procedure is the only practical approach for dealing with a large geographical area 
withmany wetlands within a limited amount of time (Sutter and Wuenscher, 1997). 
Further applications utilizing GIS involve tracking current wetland restoration efforts and 
identifying priority areas for future restoration. This project by Ducks Unlimited and the 
California Department of Fish and Game demonstrated how GIS technology can assist in 
the evaluation of complex spatial relationships with conservation efforts (Kempka et al., 
1995). In fact, according to county planning directors in New Jersey, almost any activity 
involving land use can benefit by using remote sensing and GIS technologies (Rogers and 
Augustyn, 1993).
While there may be intrinsic values to preserve “for preservation’s sake,” this protocol 
focused on the compensation of wetland functions, and specifically, the opportunity and
10
effectiveness of various wetland types to perform or provide three functions: water 
quality, flood mitigation, and habitat. These functions are valued by society for their 
environmental and economic benefits. Virginia’s Wetlands Guidelines evaluates tidal 
wetlands for permit applications according to these primary functions among others 
(Virginia Institute of Marine Science and Virginia Marine Resources Commission, 1975). 
The opportunity to perform or provide these three functions was evaluated by specific 
landscape attributes such as position in the watershed, the presence or absence of RTE 
species, and anthropogenic influences such as point discharge sites, roads, and 
surrounding land use/land cover. A wetland’s effectiveness at performing or providing 
the three functions was evaluated by its biological, chemical, and physical properties 
using the wetland type and size.
A set of site-selection criteria and decision-making protocol were developed to target 
preservation areas as wetland compensatory mitigation based on the aforementioned 
factors. A rule-based model linked to GIS was used to target sites. The protocol then 
allowed for further prioritization of the identified areas examining degree of threat based 
on future land use county plans and existing state and federal regulatory protections.
Field verification of highly ranked sites was performed in order to verify the GIS data 
where possible and assess additional site characteristics currently unavailable in a GIS 
format. While this protocol was developed as an exportable model for applications to 
other coastal watersheds, it was applied to the York River watershed in central Eastern 
Virginia as a case study.
11
The case study was tested by a two-fold hypothesis:
1. that a protocol could be developed to target a small number of sites within a
watershed for preservation using minimal data; and
2. that the group of prioritized sites would include the National Estuarine
Research Reserves System (NERRS) preserved sites located within the 
York River watershed due to similar site-selection criteria.
12
LITERATURE REVIEW
Wetlands perform a number of ecological functions which are valued by society for both 
their environmental and economic benefits. This is due to a wetland’s biological, 
chemical, and physical properties, as well as anthropogenic influences. Among those 
functions commonly attributed to wetlands are water quality improvement, flood 
mitigation, and habitat benefits. There exists a large amount of literature discussing 
specific wetland types performing specific wetland functions, while comparative studies 
across type are few in number. To fill this void, a number of functional assessment 
methods regarding wetland type, size, position in watershed, and surrounding land use, 
are reviewed in order to offer ranks currently used or proposed for decision-making.
Wetlands often improve water quality by the detention of sediments and retention of 
nutrients and toxics. This is due to their location in the ecotone between terrestrial and 
aquatic environments which offers the potential to intercept runoff and discharged 
materials from nonpoint and point sources of pollution. Wetland vegetation, especially 
where dense, can slow water velocity by friction which promotes the settling of 
suspended solids, as well as uptake of nutrients by the vegetation for primary 
productivity. Retention of nitrogen and phosphorus is important in the Chesapeake Bay, 
where 40 percent reduction targets are in place. Toxics such as pesticides are often 
adsorbed onto suspended solids, which then sink and accumulate in the wetland soils
13
(Winger, 1986, citing Edwards, 1977). Asmussen et al. (1977, cited in Winger, 1986) 
found that 70 percent of pesticides and 94 percent of sediment in runoff were removed 
during overflow through a vegetated wetland. Wetlands are now constructed for primary, 
secondary, and tertiary treatment of industrial and municipal wastewater. Coliform 
bacteria levels, for instance, can be reduced from prolonged exposure to sunlight, oxygen, 
and cool temperatures in slowly moving waters (Welsch et al., 1995).
Many wetlands also are known to mitigate the effects of floods. Their location in the 
ecotone allows for flood water storage with its subsequent release during low-flow 
conditions. This desynchronization of flood flow peaks is due to wetland vegetation 
reducing water velocity. Wetland (hydric) soils also tend to absorb flood waters due to 
their porous nature, especially in organic soils which generally have at least 80 percent 
pore space and are thus 80 percent water by volume when flooded (Mitsch and Gosselink, 
1993, citing Verry and Boelter, 1979). Flood mitigation will continue to be valued as 
residential and urban areas grow, as non-porous surfaces such as parking lots and roads 
increase, and flood waters rise. The first federal flood prevention system utilizing 
wetlands rather than man-made dams occurred as early as 1972. The Corps determined 
that purchasing the wetlands in the Charles River basin in Massachusetts was the most 
cost-effective option for flood mitigation (estimated increased cost in flood damages at 
$17 million per year (1972 dollars) if wetlands were permitted to be drained)
(Chesapeake Bay Foundation, 1992, citing U.S. ACE, 1972).
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Another function commonly attributed to wetlands is the provision of habitat. Wetlands 
may be utilized by birds, mammals, and amphibians for foraging, shelter, nesting, 
spawning, and nurseries. Many mammals utilize wetlands as well. For example, 
muskrats, beavers, raccoons, mink, nutria, and white-tailed deer are among the fur- 
bearing mammals often harvested from wetlands for their pelts. Amphibians are 
especially dependent on wetlands for their aquatic larvae. In fact, some species are 
dependent on wetlands for one or all of the above uses. Migratory waterfowl, for 
instance, are dependent upon wetlands for food during seasonal stopovers (Wohlgemuth, 
1993). In addition, 50 percent of nationally endangered animals and 28 percent of 
nationally endangered plants are dependent on wetlands for survival (Neiring, 1988).
As mentioned earlier, effectiveness in performing these three functions is due to a 
wetland’s biological, chemical, and physical properties. Specifically, a wetland’s type 
and size can be influential in its functional effectiveness. “The effectiveness rating 
usually would be viewed as the most important rating within the evaluation and 
represents the ‘bottom line’ of the assessment” (Eargle, 1991). Wetland types which are 
generally more effective in water quality improvement through retention of sediment, 
nutrients, and toxics are those which are only temporarily flooded. Palustrine and 
lacustrine wetland systems experience periodic flooding and drying that allow for a 
constant flux of chemicals and chemical transformations (Havens, 1996 (draft); U.S.
ACE, 1995). Whigham et al. (1988) stated that most studies of palustrine and riverine 
wetlands have shown these wetland types to improve water quality and serve as sinks for
15
nitrogen and phosphorus. In addition, wetlands with high vegetative density have been 
considered important for water quality improvement, specifically palustrine forested 
wetlands (Sutter and Wuenscher, 1997 (draft)). In a 1988 study, water quality 
improvements were observed in both an emergent and forested wetland, but the greatest 
changes occurred as water flowed over the surface of an emergent wetland (Whigham et 
al., 1988). One assessment method rated forested and scrub-shrub vegetation as most 
effective, while emergent vegetation moderately improves water quality (Tip of the Mitt 
Watershed Council and Northwest Michigan Council of Governments, 1997). Winger 
(1986) summarized several studies which found that forested wetlands significantly 
reduced nitrogen and phosphorus concentrations during overflow periods. Rodgers et al. 
(1978) examined adsorption of toxics from a fossil fuel power plant by a forested 
wetland. The vegetation, most notably duckweed (Lemna perpusilla), and sediments 
removed the toxics from the water, resulting in concentrations ten times higher in the 
vegetation and sediments (Winger, 1986). Based on this literature, all palustrine wetland 
systems, as well as riverine and lacustrine emergent systems, should more readily provide 
water quality benefits than other wetland types.
Wetland types capable of storing additional flood waters are those in which soils are not 
already completely saturated. Estuarine tidal systems are usually dominated by 
conditions which can saturate the soils completely, thereby reducing their effectiveness in 
flood mitigation; palustrine, lacustrine, and nontidal riverine systems are able to handle 
additional volume more readily. (Adamus et al., 1987; Zacherle, 1984). Vegetation aids
16
in the desynchronization of flood flows by increased friction and channel roughness.
With an increase in water levels due to flooding, emergent vegetation is submerged and 
cannot provide resistance. Thus, scrub-shrub and forested vegetation can be more 
effective in desynchronizing flood flows (Tip of the Mitt Watershed Council and 
Northwest Michigan Council of Governments, 1997; Havens, 1996 (draft); U.S. ACE, 
1995; Adamus et al., 1987; Zacherle, 1984). Forested wetlands may reduce water levels 
by evapotranspiration of surface water. In addition, palustrine forested wetlands are 
hydrologically open and somewhat dependent upon on flood waters for delivery of 
nutrient-laden silts (Welsch et al. 1995). These characteristics may explain the increased 
observed effectiveness of palustrine forested wetlands over palustrine scrub-shrub 
wetlands to mitigate floods, although both palustrine systems are regarded highly in the 
literature and by wetland scientists to provide flood mitigation (Silberhorn et al., 1995).
Wetland types identified as most effective in providing terrestrial habitat are forested 
wetlands due to their vegetative density and diversity from increased niches within the 
multiple vertical stratums of an overstory of trees, an understory of young trees and 
shrubs, and a herbaceous layer (Tip of the Mitt Watershed Council and Northwest 
Michigan Council of Governments, 1997; Havens, 1996 (draft); U.S. ACE, 1995; 
Zacherle, 1984). In fact, forested wetlands generally support a wider diversity of wildlife 
than nearby upland forests (U.S. ACE, 1995). The state of North Carolina highly rated 
palustrine forested wetlands for terrestrial habitat, while moderately rated estuarine 
forested and scrub-shrub wetlands (Sutter and Wuenscher, 1997 (draft)).
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A wetland’s size also can influence a wetland’s effectiveness in mitigating floods. With 
an increased floodplain area, a wetland is more effective in mitigating flood waters. 
Zacherle (1984) highly rated wetlands larger than 50 acres as highly effective in 
mitigating floods based on wetland size distribution in the York River watershed 
(Zacherle, 1984). A functional assessment for the Traverse Bay area in Michigan ranked 
wetlands greater than 25 acres as highly effective in flood control (Tip of the Mitt 
Watershed Council and Northwest Michigan Council of Governments, 1997). Rather 
than an absolute size, however, many studies have examined wetland size as a percentage 
of the total watershed area. Use of empirical equations by the U.S. Geologic Survey 
predicted that flood flows are decreased substantially by a medium percentage of 
wetlands in a watershed, but that a large percentage of wetlands in a watershed does not 
mitigate flood flow much more than a watershed with a medium amount of wetlands 
(Johnston, 1994). Johnston (1994) found a threshold where the flood flow per unit area 
was similar whether the watershed encompassed ten percent or ten to 50 percent 
wetlands. This same threshold was identified by Oberts (1981) based on sediment 
loadings. In order to determine its targeted size for wetlands performing floodwater 
storage, the state of North Carolina used Corps simulation models (HEC-1) and found 
that wetlands greater than 0.54 percent of the total hydrologic unit area are most likely to 
be effective; wetlands of size 0.05 to 0.54 percent of the hydrologic unit were moderately 
effective in floodwater storage (Sutter and Wuenscher, 1997). For this study, wetland 
scientists used their best professional judgment and recommended an absolute wetland 
size based on the size distribution within the watershed. Specifically, the largest twenty
18
percent of wetlands in the York River watershed were considered the most effective in 
flood mitigation (Chesapeake Bay Program, Wetlands Workgroup, 1997; Virginia 
Institute of Marine Science, 1997).
There is a wide range of literature discussing minimal to optimal habitat area 
requirements by species. For instance, Harris and Vickers (1984) posited that the pileated 
woodpecker would only inhabit cypress ponds greater than 5.6 hectares in size, while the 
yellow-billed cuckoo would only be found in cypress ponds 6.5 hectares or larger. 
Determination of minimum habitat area, however, requires knowledge of size, frequency, 
and longevity of disturbance-generated areas, or patches, and the associated patterns of 
succession. In addition, species are differentially sensitive to disturbances according to 
the type and extent (Pickett and Thompson, 1978). One study of waterbirds in the 
Chesapeake Bay conceded, “without extensive research, it will be difficult to document 
the minimum areas of the different types of marshes required. These minimum areas are 
probably dramatically different for breeding black ducks, migrating shorebirds, or 
wintering waterfowl” (Erwin et al., 1993, p. 616).
Fortunately, there is a ‘principle’ concerning habitat size: bigger is better. This is not 
only due to a greater diversity in vegetation and habitat by the number of horizontal 
niches, but a larger area includes more core area, protected from edge effects. These 
larger areas may serve as refuges for larger mammals or species differentially sensitive to 
anthropogenic influences. Zacherle (1984) highly rated wetlands larger than 50 acres (20
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hectares) as providing waterfowl and wildlife habitat based on wetland size distribution in 
the York River watershed. Tip of the Mitt Watershed Council and the Northwest 
Michigan Council of Governments (1997) selected wetlands greater than 25 acres (10 
hectares) as highly effective in providing terrestrial habitat, while wetlands between five 
and 25 acres were considered moderately effective. Examination of both the wetland 
habitat area and buffer to abate edge effects suggested a wetland size of 40 hectares or 
greater, while the North Carolina functional assessment of wetlands for terrestrial habitat 
highly ranked areas greater than 74 acres where a 100 meter buffer existed (Harris and 
Vickers, 1984; Sutter and Wuenscher, 1997 (draft)). In order to accommodate the smaller 
character of wetlands within the York River watershed and choose a conservative area, 
wetlands greater than 25 acres (10 hectares) were selected as highly effective for habitat.
For water quality improvement, however, it has not been proven that size influences a 
wetland’s effectiveness. Whigham et al. (1986) reviewed existing literature on wetland 
size and water quality improvement; he concluded that the data was insufficient to show 
that effectiveness is correlated with wetland area. Whigham et al. cited a 1981 multiple 
regression study which found that wetland area could not be used as a simple predictor of 
water quality benefits. This is reflected in the lack of functional assessment criteria 
utilizing wetland size for water quality improvement (Sutter and Wuenscher, 1997 (draft); 
Tip of the Mitt Watershed Council and Northwest Michigan Council of Governments, 
1997; Havens, 1996 (draft); Bradshaw, 1991; Adamus et al., 1987).
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A wetland’s opportunity to perform or provide these three functions is dependent upon its 
location and surroundings. Stream order has been used to identity a waterbody’s location 
within a watershed. It is widely believed that wetlands closest to the headwaters, of a 
watershed have the greatest opportunity to improve water quality, while the opportunity 
to perform flood mitigation, on the other hand, is believed to increase with distance 
downstream (Sutter and Wuenscher, 1997 (draft); Tip of the Mitt Watershed Council and 
Northwest Michigan Council of Governments, 1997; Havens, 1996 (draft); U.S. ACE, 
1995; Zacherle, 1984). This positioning offers the opportunity to intercept additional 
flood waters. Habitat areas are more likely to be found in lower stream orders due to a 
greater diversity in vegetation and habitat by the number of horizontal and vertical niches 
(Havens, 1996 (draft)). Minshall et al. (1985) found the highest species richness in mid­
order streams. In lower stream order channels where the floodplain is in broader, “the 
bank habitat is a major source of snags and logs that lead to debris dams that slow water 
flow and increase stream habitat diversity. The increased input of riparian coarse debris 
increases food diversity and increases heterotrophy” (Mitsch and Gosselink, 1993, p.
490).
U.S. coastal areas comprise eleven percent of the land area, yet half of the U.S. 
population resides within this area (U.S. NOAA, 1997). As the population density of 
coastal areas increases, so will the demand, construction, and expansion of transportation 
networks. Atkinson et al. (1990) identified biological, physical, and chemical risks to the 
Chesapeake Bay from highway construction. In addition, “the probability and severity of
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nearly all risks of highways to the Chesapeake Bay are exacerbated by secondary 
development following highway construction” (p. 674). Biological risks included the 
isolation of species, facilitated migration of pests, escape of exotic species, and most 
likely, loss of wetlands from primary and secondary impacts. Physical risks are altered 
hydrology, increased erosion and sedimentation, fish kills, and invasion of exotic species 
following a disturbance. Finally, Atkinson et al. (1990) described chemical risks from 
highway construction as increases in nitrogen pollution from air pollution, ozone 
concentrations, and trace metals, as well as the possibility of toxic spills.
Wetlands near such transportation networks, therefore, have a better opportunity to 
improve water quality. Mudre and Ney (1986) stated that virtually every road supporting 
heavy traffic exports heavy metals from automotive traffic through both aerial deposition 
and runoff, although the degree and extent of contamination can be highly variable. 
Gasoline engine exhausts supply lead, while cadmium and zinc come from lubricating 
oils and tires. In their study of chronic highway-generated metals from Interstate 295 near 
the Chickahominy River in Virginia, distance of the stream from the road (sampling sites 
at 20 to 60 meter distances from road) was more strongly correlated with cadmium, lead, 
and zinc concentrations than traffic volume. Citing several earlier studies, Mudre and 
Ney (1986) stated that aerial deposition of lead and other contaminants from automobiles 
is limited to an area within 30 meters from the road. Wilcox (1986) measured the 
impacts of road salt runoff from the Indiana toll road to extend 30 to 100 meters, then 
dropping off between 100 and 120 meters distance from the toll road. Impacts were
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identified by the change in vegetation from bog plant species endemic to the area to non­
bog species known to be both salt tolerant and invaders in disturbed bogs. Another study 
examining road salt impacts found that salt residues were persistent enough to dominate 
the surface water composition up to seven months after the last road salting event 
(Cherkauer, 1975).
Establishment of a buffer zone is dependent upon which activities are appropriate and 
which impacts are targeted. For water quality improvement and flood mitigation, it is 
important to create a buffer around wetlands which encompasses sources of nonpoint and 
point source pollution, as well as land use/land covers with the greatest impacts. For 
wetlands providing terrestrial habitat, on the other hand, it is important to establish the 
buffer distance to minimize the effects of pollution sources or certain land use/land 
covers. “The importance of ‘edge effects’ on the type, diversity, and abundance of 
animals has long been recognized (Harris and Vickers, 1984, p. 179, citing Shelford,
1913; Leopold, 1933). The minimization of these edge effects allows for a sustainable, 
pristine core habitat area.
There is a wide range of recommended or adopted buffer distances; a recent listing of 
various buffers recommended or adopted predominantly by state and federal agencies 
ranged from 3.5 to 275.0 meters (Hayes, 1997). According to the listing, U.S. EPA has 
used a 75 to 300 foot (23 to 91 meter) buffer for protecting fish and wildlife habitat. The 
state of New Jersey utilizes a 50 to 150 foot (15 to 46 meter) buffer, or transition zone,
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around its wetlands. North Carolina utilizes a 100 meter buffer to minimize edge effects 
in assessing a wetland’s terrestrial habitat function (Sutter and Wuenscher, 1997 (draft)). 
Virginia’s Chesapeake Bay Preservation Act calls for a 100 foot (30 meter) vegetated 
buffer adjacent to tributary streams for water quality protection (Chesapeake Local 
Assistance Board, 1989). The Chesapeake Bay Program - involving Virginia, Maryland, 
Pennsylvania, and the District of Columbia - also has recommended a buffer, or 
restoration width, of 100 feet (30 meters) for water quality and aquatic habitat 
improvement, as well as flood mitigation (Chesapeake Bay Program, 1996a). This 
distance is supported by one study’s conclusions that a 30 meter buffer around 
bottomland hardwood forests would maintain water quality following tree harvesting 
(Hayes, 1997). Thus, a 100 foot (30 meter) buffer is not only supported by several 
studies, but is currently supported and utilized in various policies and regulations.
Land use/land cover surrounding wetlands also influences the opportunity to perform the 
three wetland functions. Residential, commercial, and industrial development are among 
the most influential on opportunity (Lenat and Crawford, 1994; Rudis, 1995). In fact, 
Comeleo et al. (1996) found that developed areas impacted the surrounding land area up 
to 10 kilometers away based on sediment concentrations of metals and organics. 
Agriculture also has great impacts on surrounding areas. Roth et al. (1996) found water 
quality and habitat quality to be negatively correlated with the extent of agricultural land 
use/land cover and positively correlated with the extent of wetlands and forest. Similarly, 
Lenat and Crawford (1994) concluded that urban land use greatly affected water quality
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and aquatic biota, while forest land did not have a significant impact on either water 
quality or aquatic biota. Thus, as with many functional assessment methods, developed 
and agricultural lands were targeted for water quality and flood mitigation purposes and 
avoided for terrestrial habitat areas.
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METHODS
I. Study Area
In order to assess the preservation protocol at a watershed scale, it was necessary to 
identify and select a watershed with available data and informational resources, as well as 
proximity to sites for field verification. The York River watershed in Central and Eastern 
Virginia was selected for these reasons. The watershed encompasses 2,661 square miles 
and lies predominantly within twelve counties and two cities: Albermarle county, 
Caroline county, Gloucester county, Hanover county, James City county, King and 
Queen county, King William county, Louisa county, New Kent county, Orange county, 
Spotsylvania county, the city of West Point, the city of Williamsburg, and York county 
(Figure 1). The watershed is characterized topographically by slightly rolling hills at the 
headwaters in Orange county, to gently sloping hills and flat agricultural land toward its 
mouth (Virginia Department of Environmental Quality and Virginia Department of 
Conservation and Recreation, 1996). Traditional land uses of agriculture and forestry 
continue to direct local economies, although residential, commercial, and industrial 
development are increasing. Specifically, paper manufacturing, lumbering, power 
generation, and petroleum refining operations are becoming more common within the 
watershed. Military operations and historical sites also comprise a significant area in the 
watershed (Petrackis et al., 1995).
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The York River is formed by the convergence of the Mattaponi and Pamunkey Rivers at 
West Point, Virginia from where it extends 30 miles to its mouth at the Chesapeake Bay 
(Virginia Department of Environmental Quality and Virginia Department of 
Conservation and Recreation, 1996).
Selection of the York River watershed also provides three sites with which to test the 
protocol by comparison with an earlier preservation protocol. These sites were three of 
four final selections for preservation for the National Estuarine Research Reserve System 
in Virginia (NERRS) based on criteria similar to site-selection by this protocol. While all 
four sites are located within the York River watershed, the Goodwin Islands are located at 
the mouth of the River, which is the boundary of the watershed and therefore, the Islands 
are not mapped on existing GIS coverages. The NERRS system was created through 
Section 315 of the 1972 Coastal Zone Management Act (CZMA) to preserve relatively 
pristine estuarine areas (U.S. Department of Commerce and the Virginia Institute of 
Marine Science, 1991). In light of CZMA requirements and an extensive site-selection 
process, sites were evaluated using seven criteria: biogeographical representation, 
ecosystem representation, ecological characteristics, naturalness, research potential, 
educational opportunities, and management considerations.
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Figure 1. Study Area: The York River Watershed
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II. Data
Data utilized for this study were selected for accessibility to local and statewide decision­
makers and relative importance in site-selection. Thus, six data coverages were 
constructed or collected to map wetlands, land use/land cover, presence of RTE species, 
transportation networks, point source discharge locations, and stream order. All GIS 
coverages, except for land use/land cover, are vector coverages, in which items such as 
wetlands are represented by fluid, polygonal shapes. The land use/land cover coverage, 
however, is raster-based data, which involves a grid of 30 by 30 meter pixels. Thus, a 
forest is depicted by a linear step-wise area.
Although no singular complete wetland coverage for the York River Watershed exists, 
data from two sets were combined to create such a coverage (Figure 2). Efforts were 
made to utilize the most recent data where possible. The watershed encompasses portions 
or the entirety of 73 quadrangle maps (1:24,000 scale); fifty quad maps (68%) were 
based on 1989 aerial photography and subsequent interpretation and verification for the 
NWI, and ten quad maps (14%) were available from 1973 NWI photography and 
verification. The remaining thirteen quad maps have not been mapped for the NWI. In 
order to perform analysis as one data coverage and connect wetlands which overlapped 
quad maps, all sixty NWI quad maps were appended such that internal map edges were 
omitted. Thus, a wetland otherwise overlapping two quad maps was reconnected as one
29
polygon rather than two or more separate polygons. This process of edge-matching often 
required wetland boundaries to be shifted in order to meet at quad map edges. While the 
majority of quad map edges matched under two meters of shifting, six edges required 
distances above two meters in order to match (average shift distance = 12.44m).
Wetland boundaries and types have been mapped and digitized by the U.S. Fish and 
Wildlife Service’s (USFWS) National Wetlands Inventory (NWI) program using aerial 
photography (1:24,000 scale) of wetland vegetation. Photo interpretation and field 
verification were performed to clarify boundaries and types in conjunction with the 
Cowardin et al. 1979 classification system. While this classification system delineates 
wetlands into seventeen classes, eight classes were utilized based on availability of 
relevant literature, interest in data typically available to decision-makers, as well as the 
possibility of purchase (Table 1). The eight generalized classes utilized were estuarine 
emergent (EEM), estuarine scrub-shrub (ESS), estuarine forested (EFO), lacustrine 
emergent (LEM), palustrine emergent (PEM), palustrine scrub-shrub (PSS), palustrine 
forested (PFO), and riverine emergent wetlands (REM).
In order to have a complete wetlands coverage, the U.S. National Oceanographic and 
Atmospheric Administration’s (U.S. NOAA) Coastal Change Analysis Program (C-CAP) 
land use/land cover was utilized for wetland areas which were not mapped for the NWI. 
The C-CAP coverage was preferred to other land use/land cover data sets due to the 
delineation of a greater number of wetland classes and compatibility with other
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classification systems, including the NWI (Dobson et al., 1995). The three wetland 
classes delineated - estuarine emergent (EEM), palustrine emergent (PEM), and 
palustrine forested wetlands (PFO) - are classified similar to the corresponding NWI 
classes and totaled with the NWI classes to create watershed-wide statistics (Table 2).
The C-CAP land use/land cover was developed from satellite imagery in conjunction 
with aerial photography and field data, and then integrated into a GIS format (Thomas et 
al., 1991). It was developed as a comprehensive, nationally standardized database of land 
cover and is intended to be used for monitoring change in land use/land cover 
classifications on one to five year cycles (Dobson et al., 1995). C-CAP data utilized for 
this analysis was developed from 1989 satellite imagery with a resolution of 30 square 
meter pixels.
Land use/land cover was delineated by the Multi-resolution Land Characteristics (MRLC) 
data set. Developed by the U.S. EPA-Region III in 1996, it is both the most recent and 
complete database for the York River watershed. The database was developed from 
Landsat Thematic Mapping data collected between 1991 and 1993, as well as other 
spatial data, including aerial photographs and NWI maps (U.S. EPA, Multi-resolution 
Land Characteristics data, 1996) (Figure 3). Fifteen classes of land use/land cover were 
aggregated into seven classes to parallel other land use/land cover databases typically 
available to decision-makers. Class 1 (water) remained separate, and reflected all areas of 
open water with generally less than a 30% vegetative cover. Class 4 (grassland) also
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remained separate as areas with high percentages of grasses and other herbaceous 
vegetation which are mowed for hay or pasture on a regular basis; golf courses and city 
parks were considered grasslands as well. Low-intensity and high-intensity developed 
land classes (classes 2 and 3) were combined into areas comprised of over 50% 
constructed materials (asphalt, concrete, buildings). Vegetative cover for the developed 
land class was less than 50%. Class 5 (row crops) and class 6 (probable row crops) were 
merged to reflect areas regularly tilled and planted, often on an annual or biennial basis. 
Classes 7, 8, and 9 (conifer forest, mixed forest, and deciduous forest, respectively) were 
all categorized as upland forests where trees cover at least 40% of the area. Woody and 
emergent wetlands (classes 10 and 11) were merged predominantly for mapping 
purposes. Analysis involving wetlands utilized the separate wetlands coverage from the 
NWI and C-CAP data sets directly, except for analysis of land use/land cover within site 
buffers. Finally, four classes of barren areas (classes 12, 13, 14, and 15) - quarries, coal 
mines, beach areas, and transitional areas - were combined because of similar 
composition of bare rock, sand, gravel, or other earthen material with less than 20% 
vegetation present (Table 3).
Data plotting the presence of rare, threatened, and endangered species within the York 
River watershed were provided by the Virginia Department of Conservation and 
Recreation, Natural Heritage Program and prepared into a digital format. The data set is 
comprised of 234 plant and animal species ranked according to state and global rarity, as 
well as state and federal legal endangerment status (Virginia Department of Conservation
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and Recreation, Natural Heritage Program, 1996). State rarity ranks are used by the 
Department of Conservation and Recreation and the Nature Conservancy in identifying 
prospective areas for preservation (Virginia Department of Conservation and Recreation, 
1995; pers. comm, with Linda Crowe, 1996). These rarity ranks are determined primarily 
by the number of known populations or occurrences (distinct locations), although other 
important criteria are the total number of individuals, the quality of occurrences, and 
existing protections and threats. Sections 3 and 4 of the Endangered Species Act of 1973 
(16 U.S.C.A. Section 1532; 1533) outline criteria for federal designation as endangered or 
threatened species. Species are listed as federally endangered if it is in danger of 
extinction within the foreseeable future throughout all or a substantial portion of its 
habitat or range (16 U.S.C.A. Section 1532(6)). The USFWS utilizes a priority system in 
order to target species needing the greatest degree of based on magnitude of threat, 
immediacy of threat, and distinctiveness of the species (USFWS, 1996).
Locations of point discharge sites within the York River watershed were received from a 
Virginia Department of Environmental Quality (DEQ) database query in 1995 and were 
compiled into a GIS coverage by the VIMS Center for Management and Policy thereafter 
(Figure 4). Each of the 99 sites is a permitted discharge of regulated pollutants into 
surface waters. This has been administered by the Virginia DEQ Water Division since 
1975 through delegated authority from the U.S. EPA for the National Pollutant Discharge 
Elimination System (CWA Section 402) (Mason, 1993). Point discharge sites include 
both major and minor industrial and municipal facilities. Within the York River
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watershed, 56 of the discharge sites are municipal sites, while the remaining 43 are 
industrial sites. Major municipal discharges are those greater than or equal to one million 
gallons per day; major discharges from industrial facilities are determined by the type of 
pollutant (conventional or toxic), volume of receiving stream, relevant water quality 
standards, and proximity to estuaries (Durham, pers. comm., 1997).
The stream order network coverage (scale 1:100,000) was developed by U.S. EPA from 
several hydrography databases, referred to as Reach Files, for the purposes of statewide, 
regional, and national water quality reporting and comparisons (Figure 5). Data used in 
this analysis were compiled from the most recent of these databases; specifically, the 
1988 U.S. Geologic Survey (USGS) Digital Line Graph (DLG) hydrography (1:100,000 
scale), the USGS Geographic Names Information System, and USGS Catalog Unit 
Boundaries (1:2,000,000 scale) (Horizon Systems Corp., 1994). The Reach Files utilized 
the most common method of stream ordering, the Strahler method, in which a numeric 
order was assigned to each link in the stream network. This system takes a complex 
landscape and systematically reduces it into components, which creates a dimensionless 
property correlated to hydrology and stream discharge (Strahler, 1957). Stream orders 
increased when streams of the same order intersect. Thus, finger-tip tributaries or 
headwaters were assigned a stream order of one, and the intersection of two first order 
channels created a second-order channel. The intersection of two channels of different 
orders retained the higher order rather than an increased order.
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Digitized transportation networks were extracted from the 1992 Tiger/Line files compiled 
by the U.S. Census Bureau (Figure 6). The data is presented at a 1:100,000 scale. Three 
Tiger/Line Data categories were considered primary roads: primary highway with limited 
access, primary roads without limited access, and access ramps. These roads comprised 
4935 digital lines within the GIS coverage (19.3%) and are all concrete or asphalt 
surfaced highways. Secondary roads were taken from the secondary and connecting road 
category, which covers concrete or asphalt single-lane roads. Local, neighborhood, and 
rural roads within the Tiger/Line database were treated as tertiary roads. Secondary roads 
totaled 7,148 digital arcs in the GIS coverage (27.9%), while the remaining 13,523 digital 
arcs (52.8%) represented tertiary roads.
35
Figure 2. Wetlands in the York River Watershed
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Table 1. NWI Classification Hierarchy of Wetlands and Deepwater Habitats 
(Cowardin et al., 1979) Highlighted text reflects utilization for this analysis
System
Marine
Subsystem
Subtidal
Class
Rock Bottom  
Unconsolidated Bottom  
Aquatic Bed 
Reef
Intertidal Aquatic Bed 
R eef
Rocky Shore 
Unconsolidated Bottom
Estuarine Subtidal Rock Bottom 
Unconsolidated Bottom  
Aquatic Bed 
Reef
Intertidal Aquatic Bed 
Reef
Streambed 
Rocky Shore 
Unconsolidated Bottom  
Em ergent W etland  
Scrub-shrub W etland  
Forested W etland
Riverine Tidal
Lower Perennial
Upper Perennial
Rock Bottom 
Unconsolidated Bottom  
Aquatic Bed 
Rocky Shore 
Unconsolidated Shore 
Emergent W etland
Rock Bottom 
Unconsolidated Bottom  
Aquatic Bed 
Rocky Shore 
Unconsolidated Shore 
Em ergent W etland
Rock Bottom 
Unconsolidated Bottom 
Aquatic Bed 
Rocky Shore 
Unconsolidated Shore
Lacustrine
Intermittent
Limnetic
Littoral
Palustrine
Streambed
Rock Bottom 
Unconsolidated Bottom  
Aquatic Bed
Rock Bottom 
Unconsolidated Bottom  
Aquatic Bed 
Rocky Shore 
Unconsolidated Shore 
Em ergent W etland
Rock Bottom  
Unconsolidated Bottom  
Aquatic Bed 
Unconsolidated Shore 
Moss-lichen Wetland 
Em ergent W etland  
Scrub-shrub W etland  
Forested W etland
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Table 2. Extent of Wetland Classes in the York River Watershed 
(NOAA, 1989; Cowardin et al., 1979)
Wetland Class Area (m2) of 
Wetland Class
Percentage (%) of 
Watershed Area
Estuarine emergent (EEM) 63,372,317.28 13.03
Estuarine scrub-shrub (ESS) 268,202.39 0.06
Estuarine forested (EFO) 212,341.30 0.04
Lacustrine emergent (LEM) 171,001.39 0.04
Palustrine emergent (PEM) 57,691,185.53 11.86
Palustrine scrub-shrub (PSS) 31,686,417.56 6.51
Palustrine forested (PFO) 333,021,091.50 68.46
Riverine emergent (REM) 0.00 0.00
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Figure 3. Land use/Land cover in the York River Watershed
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Table 3. Extent of Land use/ Land cover classes in the York River Watershed 
(USEPA, Multi-resolution Land Characteristics data, 1996)
Land Use/ Land Cover Class Area (m2) of Class Percentage (%) of 
Watershed Area
Agriculture 23,863,050.0 12.8
Barren 3,280,620.0 1.8
Developed 2,726,790.0 1.5
Forest 119,570,250.0 64.0
Grassland 17,444,520.0 9.3
Water 8,989,770.0 4.8
Wetland 10,857,180.0 5.8
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Figure 4. Point Discharge Sites in the York River Watershed
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Figure 5. Stream Order Networks in the York River Watershed
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Source: EPA Reach File 3 data, 1994
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Figure 6. Transportation Networks in the York River Watershed
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III. Protocol
Identification and prioritization of proposed preservation areas occurred through GIS 
ARC/INFO macro language programs on a UNIX system. Sites were extracted and 
ranked based on their opportunity and effectiveness in performing or providing water 
quality, flood mitigation, and habitat functions.
The protocol encompasses a set of site-selection criteria developed to identify and 
prioritize preservation areas. These criteria are based on a synthesis of the scientific 
literature, as discussed in the literature review, as well as the best professional judgment 
of several teams of wetland scientists at the Virginia Institute of Marine Science and the 
Chesapeake Bay Program (included representatives from the commonwealths of 
Pennsylvania and Virginia, the state of Maryland, the District of Columbia, U.S. EPA, the 
Natural Resources Conservation Service (NRCS), and the Corps). The protocol then 
allows for further prioritization of the identified areas examining degree of threat based 
on future land use county plans and existing state and federal regulatory protections.
Field verification of highly ranked sites was performed in October 1997 to verify the GIS 
data where possible and assess additional site characteristics currently unavailable in a 
GIS format.
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Determination of the protocol’s order of operations was made in light of the relationship 
between a wetland’s opportunity and effectiveness to perform or provide certain 
functions, as well as logistics regarding GIS. A wetland with great opportunity, yet not 
biologically, chemically, or physically effective in performing or providing certain 
wetland functions, would not be ranked highly by this protocol. A wetland considered 
highly effective in performing or providing certain functions, albeit without the optimal 
opportunity at this time, could be ranked highly due to the possibility of increased 
development in the future. Thus, a wetland’s effectiveness at performing or providing the 
three functions was the baseline, or tier one, of the protocol. The biological, chemical, 
and physical properties of wetland type and size were assessed first. The opportunity to 
perform or provide these wetland functions was then evaluated as the second tier by 
specific landscape attributes such as position in the watershed, the presence or absence of 
RTE species, and anthropogenic influences, namely point discharge sites, roads, and 
surrounding land use/land cover. These characteristics served as positive or negative 
modifiers to the wetland type rankings as they enhance or constrain the opportunity of a 
wetland to perform a given function. Finally, a third tier examined degree of threat.
Five wetland types were highly ranked for water quality purposes based on the existing 
literature and best professional judgment: lacustrine emergent (LEM), palustrine 
emergent (PEM), palustrine scrub-shrub (PSS), palustrine forested (PFO), and riverine 
emergent (REM). Utilizing the wetlands GIS coverage, these five wetland types were 
selected as a new coverage. A 33 meter buffer was created around each of the selected
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wetlands in order to identify those wetlands with point discharge sites and transportation 
networks within the buffer area. The radius of 33 meters was based on studies measuring 
the distance which pollutants travel, as well as the widths of buffers commonly adopted 
in various policies to maintain water quality, in addition to a measure of safety.
The point discharge site and transportation networks coverages were overlaid separately 
onto the buffered wetlands coverage using the intersect command. While the resulting 
coverages were point discharge sites and digital arcs representing roads, and not the 
wetlands of interest, the selected point discharge sites and roads gained the attribute 
information for the corresponding wetlands. This enabled these wetlands to be identified 
and extracted from the wetland type coverage and saved as a new coverage. Stream 
orders of interest for water quality - the first and second stream orders - were extracted 
from the complete stream order networks coverage for a separate coverage. This smaller 
coverage was then intersected with the recently created wetlands coverage, whereby GIS 
selected those wetlands affiliated with channels of stream orders one and two. These 
wetlands were maintained in the post-buffer wetlands coverage; wetlands affiliated with 
stream orders above two were omitted from the coverage.
Finally, a 1000 meter buffer was created around each of the remaining wetlands in order 
to determine the surrounding land use/land cover. The radius of 1000 meters was based 
on the best professional judgment of wetland scientists due to the lack of relevant 
literature. These buffers were changed from vectors to raster grids in order to conform to
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the land use/land cover data. Each buffer clipped the entire land use/land cover coverage 
to keep only that land use/land cover data within the buffer. Utilizing the zonal geometry 
capabilities in GRID, area of land use/land cover classes were calculated for each buffer 
individually; land use/land cover percentages were determined subsequently.
Specifically, wetlands with 100 percent land use/land cover of agriculture, barren, and/or 
developed were prioritized.
The determination of wetlands highly ranked for flood mitigation began with the 
selection of two wetland types: palustrine scrub-shrub (PSS) and palustrine forested 
wetlands (PFO). Wetlands which comprised the category of the largest twenty percent 
(greater than 16,000 m2 or 3.95 acres) within the watershed were then selected, thereby 
creating a new coverage. A 33 meter buffer was created around each of these wetlands in 
order to identify those wetlands with point discharge sites and roads within that area. The 
point discharge sites and transportation networks coverages were intersected with the new 
wetlands coverage as described for the water quality site-selection. The identified 
wetlands were then extracted from the wetlands coverage as a new coverage. Channels of 
stream orders four and five were extracted from the complete stream order networks 
coverage and saved as a new coverage to be intersected with the post-buffer wetlands 
coverage. The selected wetlands of stream order three, four and five were buffered by a 
5000 meter distance in order to determine the surrounding land use/land cover. Again, 
the buffers were rasterized to create grids compatible with the land use/land cover 
coverage. The resulting land use/land cover buffers were examined for over 50 percent 
developed land use.
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A similar GIS procedure was performed for site-selection for terrestrial habitat. Estuarine 
forested (EFO) and palustrine forested (PFO) wetlands were extracted from the complete 
wetlands coverage. The site-selection process was then narrowed down by extracting 
only those wetlands greater than ten hectares (101,170 m2) in size. Stream order channels 
greater than two were extracted from the complete stream order networks coverage and 
intersected with the new wetlands coverage. A 33 meter buffer was created around the 
identified wetlands; for the terrestrial habitat function, only those wetlands without point 
discharge sites or roads were selected. Buffers of 5000 meters were created around the 
remaining wetlands and examined for the lack of developed or barren land. Finally, the 
rare, threatened, and endangered (RTE) species point coverage was overlaid onto the final 
wetlands coverage to identify any of these wetlands which provided on-site habitat for 
RTE species. The RTE species point coverage also was overlaid onto the wetlands and 
associated 33 meter buffer to identify wetlands providing local habitat for these species.
A final step in the protocol involved the determination of degree of threat to the 
prioritized sites based on future land use planning and existing regulatory protections. 
Future land use plans were determined by county comprehensive plans. Protection by 
existing regulations was based on the wetland’s water regime - tidal or nontidal - which 
determined whether it was protected under the Virginia Wetlands Act of 1972 (Code of 
Virginia, Section 28.2-1300) and the Chesapeake Bay Preservation Act (Code of Virginia, 
Chapter 21, Section 10:1 et. seq.). Protection by the Virginia Wetlands Act of 1972 is 
limited to tidal wetlands located in Tidewater Virginia (which includes all localities 
within the York River watershed except Orange and Louisa counties). Back Bay, and
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North Landing River were added under the protection by a 1994 amendment to the Act; 
these are the only nontidal wetlands afforded protection under Virginia law (Chesapeake 
Bay Foundation, 1992). Activities within the vegetated and nonvegetated tidal wetlands 
require a permit from a local wetlands board or the Virginia Marine Resources 
Commission, unless the activities are expressly excluded, such as noncommercial piers, 
fences, shellfish cultivation, agriculture, forestry, road maintenance, and outdoor 
recreation (Mason, 1993).
The Chesapeake Bay Preservation Act of 1988 mandates local governments in Tidewater 
Virginia to revise comprehensive plans and zoning and subdivision ordinances to 
delineate preservation areas for water quality protection. Three categories of areas were 
designated by the Chesapeake Bay Local Assistance Board’s regulations: resource 
protection areas, resource management areas, and intensely developed areas (to 
accommodate economic development). Resource protection areas “shall consist of 
sensitive lands at or near the shoreline that have an intrinsic water quality value due to the 
ecological and biological processes they perform and are sensitive to impacts which may 
cause significant degradation to the quality of state waters” (Chesapeake Bay Local 
Assistance Board, 1989, p. 6). These areas encompass, at a minimum, tidal wetlands, 
nontidal wetlands connected by surface flow and contiguous to tidal wetlands or tributary 
streams, tidal shores, other sensitive lands necessary to protect water quality, and 100 foot 
vegetated buffer areas adjacent to tributary streams and landward of aforementioned 
resource protection areas (Ibid). Unlike resource management areas and intensely 
developed areas, development in resource protection areas is permitted only if it
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constitutes redevelopment or involves new or expanding water-dependant development 
(Petrackis, et al., 1995).
Federal laws protecting wetlands are the CWA, Section 404 and the 1899 Rivers and 
Harbors Act, Section 10 (33 U.S.C. 403). Both are under the governance of the Corps to 
maintain a permitting program for dredge, fill, and channelization activities in or adjacent 
to jurisdictional tidal and nontidal wetlands. Depending on the activity, a general, 
individual, or nationwide permit may be authorized. While the permitting program does 
afford some level of protection, most activities are permitted without modification to the 
application.
Field verification of highly ranked sites was performed in October 1997 to verify the GIS 
data where possible and assess effectiveness through additional site characteristics 
currently unavailable in a GIS format. Field visits involved the completion of an 
information and observation field sheet developed from the Corps’ Wetland Evaluation 
Technique (WET) (Adamus et al., 1987) due to its broad application, comprehensiveness, 
and relative degree of scientific efficacy (Eargle, 1991). The WET method uses 
predictors assumed to be correlated with the biological, chemical, and physical 
characteristics of a wetland. Each predictor is measured by responses to a series of 
yes/no questions, which are then related by a set of interpretive keys to specific wetland 
functions.
Additional site characteristics adopted from the WET method’s predictors of
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effectiveness for water quality sites were the observation of significant constriction at the 
outlet, very sinuous channels, ponding, and high vegetative density (Adamus et al.,
1987). These four characteristics were examined for the flood mitigation sites, as well as 
the existence of a large fetch, regular disturbance of the soils, and erosion at the wetland 
edge. Site characteristics noted at terrestrial habitat sites are adopted from WET’s 
“special habitat features” which predict breeding, migration, and wintering. These habitat 
characteristics were the lack of noticeable disturbance, a natural channel, standing snags 
with cavities greater than two inches wide, trees with diameter at breast height (DBH) 
greater than ten inches, plants with fleshy fruit, acorn or cone-bearing trees/shrubs, a 
thick canopy closure, and tilled land with waste grains.
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Figure 7. Rule-based GIS Protocol to Select Water Quality Improvement Sites
Arrows indicate selection steps.
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Figure 8. Rule-based GIS Protocol to Select Flood Mitigation Sites
Arrows indicate selection steps.
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Figure 9. Rule-based GIS Protocol to Select Habitat Sites
Arrows indicate selection steps.
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RESULTS
Based on the GIS component of the protocol, no sites met all of the criteria to receive a 
high ranking (Figures 10, 11, and 12). This is due to the application of the land use/land 
cover criteria to the York River watershed which is predominantly undeveloped. With 
regard to the water quality and flood mitigation functions, percentages of developed, 
agricultural, and barren land surrounding the sites were low. While no water quality sites 
prioritized before the land use/land cover analysis were surrounded (1000m buffers) by 
100 percent agricultural, barren, or developed land, all nine site buffers contained over 10 
percent of these three land use/land covers, and two site buffers contained over 37 percent 
of these land use/land covers (Figures 14-22). Prior to the land use/land cover analysis, 
flood mitigation sites number 1, 2, and 3 were surrounded (5000m buffers) by only 3.4, 
0.7, and 1.5 percent developed land, respectively, much lower than the over 50 percent 
criterion (Figures 23-25). While low percentages were positive for the habitat sites, the 
zero percent developed or barren land criterion was not possible. Of the eight sites 
prioritized for terrestrial habitat before the land use/land cover analysis, however, all sites 
were surrounded (5000m buffers) with less than seven percent developed or barren land, 
and five of the site buffers contained less than two percent developed or barren land 
(Figures 26-33).
Having met all of the criteria minus land use/land cover percentages, the twenty sites
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were considered highly ranked and prioritized for preservation (Figure 13). Field visits 
were performed on October 13 and 17, 1997 on fourteen of these twenty sites (Appendix 
B). Selection of field visits was based on those sites which closest matched the land 
use/land cover criteria, as well as proximity to other sites. Degree of threat was 
determined by the examination of county future land use planning maps and classification 
of the wetland’s water regime (tidal or nontidal), reflecting whether the sites were 
protected by existing regulation. Of the fourteen sites visited, seven were determined to 
be highly threatened based on the combination of possible development of the wetland in 
the future and classification as a nontidal wetland (Table 4).
While the three NERRS sites located in the York River watershed used to test the 
protocol were not any of the twenty final prioritized sites, the protocol itself was 
successful in using a small amount of data (six GIS data layers) to identify and prioritize a 
small set of wetlands (20) for preservation purposes based on their effectiveness and 
opportunity to provide the wetlands functions of water quality, flood mitigation, and 
terrestrial habitat.
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Figure 10. Results of GIS Component for Water Quality Improvement Site-selection
Results of GIS component for Water Quality Improvement Site-selection
Land use/land cover
Stream order
Transportation networks
Point discharge sites
Wetlands
A
*
Site-selection  Criteria GIS Rule # o f  Sites Selected
W etlands with specific  
surrounding land uses
select i f  1000m  buffer is agriculture, 
barren, developed, and/or grassland
0
W etlands located in upper 
reaches o f  watershed
select i f  along stream order 1 or 2 9
W etlands located near 
transportation networks
select if  a transportation network 
is within 33m  buffer
9
W etlands located near 
point discharge sites
select if  a point discharge site 
is within 33m buffer
12
W etlands by type select if  LEM, REM, PEM, PSS, PFO 27,147
W etlands begin with all mapped wetlands in 
watershed
35,637
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Figure 11. Results of GIS Component for Flood Mitigation Site-selection
Results of GIS Component for Flood Mitigation Site-selection
Land use/land cover
Stream order
Transportation networks
Point discharge sites
Wetlands
Site-selection  Criteria GIS Rule # o f  Sites Selected
W etlands with specific  
surrounding land uses
select if  >50%  o f  5000m  buffer is 
developed
0
W etlands located in mid 
to lower reaches o f  
watershed
select i f  along stream order 3, 4, or 5 3
W etlands located near 
transportation networks
select if  a transportation network 
is within 33m buffer
8
W etlands located near 
point discharge sites
select i f  a point discharge site 
is within 33m buffer
9
W etlands by size select if  within largest 20% o f  wetlands 
in watershed (> 16,000m 2)
5,015
W etlands by type select ifP S S , PFO 22,166
W etlands begin with all mapped wetlands in 
watershed
35,637
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Figure 12. Results of GIS Component for Habitat Site-selection
Results of GIS component for Habitat Site-selection
RTE species
Land use/land cover 
Transportation networks 
^  Point discharge sites
► Stream order
► Wetlands
A
A
Site-selection Criteria GIS Rule # of Sites Selected
Wetlands with RTE species 
on-site or nearby
select if RTE species present on-site or 
within 33m buffer
0
Wetlands with specific 
surrounding land uses
select if no developed or barren land 
within 5000m buffer
0
Wetlands located far from 
transportation networks
select if no transportation networks 
within 33m buffer
8
Wetlands located far from 
point discharge sites
select if no point discharge sites 
within 33m buffer
10
Wetlands located in mid to 
lower reaches of watershed
select if along stream order 3, 4, or 5 262
Wetlands by size select if > 10 ha (> 101,170m2) 530
Wetlands by type select if EFO, PFO 19,772
Wetlands begin with all mapped wetlands in 
watershed
35,637
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Figure 13. Priority Sites for Preservation within the York River Watershed
Priority Sites for Preservation 
within the York River Watershed
Habitat priority sites
Water Quality Improvement priority sites
Both Flood Mitigation and
Water Quality Improvement priority sites
County boundary 
A/ Shoreline
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Figure 14. Water Quality Improvement Site #1: Surrounding Land Use (1000m buffer)
W ater Quality Im provem ent Site #1:
Surrounding Land Use (1000m  buffer)
I  Agriculture 
Barren 
I Developed 
I Forest 
Grassland 
H  Water 
■  Wetland
Water Quality Improvement Site #1
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 1,254,419.38 17.0
Barren 296,660.72 4.0
Developed 186,662.94 2.5
Forest 5,239,895.00 71.1
Grassland 262,216.97 3.6
Water 103,331.27 1.4
Wetland 27,777.22 0.4
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Figure 15. Water Quality Improvement Site #2: Surrounding Land Use (1000m buffer)
W ater Quality Im provem ent Site #2:
Surrounding Land Use (1000m  buffer)
Agriculture
Barren
Developed
Forest
Grassland
Water
Wetland
Water Quality Improvement Site #2
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 1,423,304.88 11.3
Barren 271,105.69 2.1
Developed 9,999.80 0.1
Forest 8,293,167.50 65.8
Grassland 126,664.13 1.0
Water 101,109.09 0.8
Wetland 2,376,619.25 18.9
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Figure 16. Water Quality Improvement Site #3: Surrounding Land Use (1000m buffer)
W ater Quality Im provem ent Site #3:
Surrounding Land Use (1000m  buffer)
Agriculture 
Barren 
Developed 
Forest 
Grassland 
Water 
Wetland
Water Quality Improvement Site #3
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 394,436.56 7.8
Barren 1,009,979.81 20.0
Developed 6,666.53 0.1
Forest 3,204,380.25 63.6
Grassland 209,995.80 4.2
Water 35,554.84 0.7
Wetland 182,218.58 3.6
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Figure 17. Water Quality Improvement Site #4: Surrounding Land Use (1000m buffer)
W ater Quality Im provem ent Site #4:
Surrounding Land Use (1000m  buffer)
Agriculture 
Barren 
Developed 
Forest 
Grassland 
Water 
Wetland
Water Quality Improvement Site #4
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 471,101.69 12.5
Barren 137,775.02 3.7
Developed 76,665.13 2.0
Forest 2,537,727.00 67.5
Grassland 527,767.25 14.1
Water 0.00 0.0
Wetland 7,777.62 0.2
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Figure 18. Water Quality Improvement Site #5: Surrounding Land Use (1000m buffer)
W ater Quality Im provem ent Site #5:
Surrounding Land Use (1000m  buffer)
Agriculture
Barren
Developed
Forest
Grassland
Water
Wetland
Water Quality Improvement Site #5
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 892,204.38 26.5
Barren 0.00 0.0
Developed 358,881.72 10.7
Forest 1,397,749.88 41.6
Grassland 616,654.31 18.3
Water 11,110.89 0.3
Wetland 86,664.93 2.6
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Figure 19. Water Quality Improvement Site #6: Surrounding Land Use (1000m buffer)
W ater Quality Im provem ent Site #6:
Surrounding Land Use (1000m  buffer)
I  Agriculture 
Barren 
I Developed 
■  Forest 
Grassland 
I  Water 
Wetland
H  Water Quality Improvement Site #6
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 292,216.38 7.8
Barren 0.00 0.0
Developed 281,105.50 7.5
Forest 2,381,063.50 63.3
Grassland 572,210.75 15.2
Water 11,110.89 0.3
Wetland 222,217.78 5.9
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Figure 20. Water Quality Improvement Site #7: Surrounding Land Use (1000m buffer)
Water Quality Improvement Site #7:
Surrounding Land Use (1000m buffer)
Agriculture 
Barren 
Developed 
Forest 
Grassland 
Water 
Wetland
Water Quality Improvement Site #7
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 411,102.86 9.9
Barren 3,333.27 0.1
Developed 8,888.71 0.2
Forest 2,945,496.75 71.1
Grassland 161,107.89 3.9
Water 199,996.00 4.8
Wetland 412,213.97 10.0
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Figure 21. Water Quality Improvement Site #8: Surrounding Land Use (1000m buffer)
W ater Quality Im provem ent Site #8:
Suixounding Land Use (1000m  buffer)
Agriculture
Barren
Developed
Forest
Grassland
Water
Wetland
Water Quality Improvement Site #8
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 1,316,640.38 39.0
Barren 63,332.07 1.9
Developed 66,665.34 2.0
Forest 947,758.81 28.0
Grassland 385,547.84 11.4
Water 128,886.31 3.8
Wetland 469,990.59 13.9
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Figure 22. Water Quality Improvement Site #9: Surrounding Land Use (1000m buffer)
W ater Quality Im provem ent Site #9:
Surrounding Land Use (1000m  buffer)
f l  Agriculture 
Barren 
B  Developed 
B Forest 
Grassland 
B Water 
B Wetland
F>l Water Quality Improvement Site #9
Land use/Land cover class Area (m2) Percentage of 1000m buffer (%)
Agriculture 1,542,191.38 17.3
Barren 7,777.62 0.1
Developed 271,105.69 3.0
Forest 4,224,360.00 47.4
Grassland 2,376,619.25 26.6
Water 72,220.78 0.8
Wetland 428,880.31 4.8
69
Figure 23. Flood Mitigation Site #1: Surrounding Land Use (5000m buffer)
Flood M itigation Site #1: Surrounding Land Use (5000m  buffer)
I  Agriculture 
Barren 
I Developed 
I  Forest 
Grassland 
H  Water 
] Wetland 
• *1 Flood Mitigation Site #1
Land use/Land cover class Area (m2) Percentage of 5000m buffer (%)
Agriculture 17,504,094.00 18.3
Barren 2,153,290.25 2.2
Developed 3,235,490.75 3.4
Forest 64,465,376.00 67.3
Grassland 5,119,897.50 5.3
Water 284,438.75 0.3
Wetland 3,072,160.75 3.2
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Figure 24. Flood Mitigation Site #2: Surrounding Land Use (5000m buffer)
Flood M itigation Site #2: Surrounding Land Use (5000m  buffer)
I Agriculture 
Barren 
I Developed 
I Forest 
Grassland 
H  Water 
! I Wetland
Flood Mitigation Site #2
Land use/Land cover class Area (m2) Percentage of 5000m buffer (%)
Agriculture 17,059,658.00 14.4
Barren 2,086,624.88 1.8
Developed 792,206.38 0.7
Forest 80,147,288.00 67.6
Grassland 3,782,146.50 3.2
Water 2,188,845.00 1.8
Wetland 12,518,639.00 10.5
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Figure 25. Flood Mitigation Site #3: Surrounding Land Use (5000m buffer)
Flood M itigation Site #3: Surrounding Land Use (5000m  buffer)
H  Agriculture 
Barren 
I Developed 
I Forest 
Grassland 
■  Water 
Wetland 
iSfl Flood Mitigation Site #3
Land use/Land cover class Area (m2) Percentage of 5000m buffer (%)
Agriculture 7,973,174.00 9.2
Barren 2,888,831.00 3.3
Developed 1,313,307.13 1.5
Forest 63,762,060.00 73.2
Grassland 8,287,612.00 9.5
Water 982,202.56 1.1
Wetland 1,912,184.00 2.2
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Figure 26. Habitat Site #1: Surrounding Land Use (5000m buffer)
Habitat Site #1: Surrounding Land Use (5000m  buffer)
I Agriculture 
Barren 
! Developed 
I Forest 
Grassland 
I  Water 
t i Wetland
Habitat Site #1
Land use/Land cover class Area (m2) Percentage of 5000m buffer (%)
Agriculture 16,806,330.00 15.8
Barren 937,759.00 0.9
Developed 546,655.75 0.5
Forest 63,212,068.00 59.3
Grassland 14,778,593.00 13.9
Water 3,656,593.50 3.4
Wetland 6,650,978.00 6.2
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Figure 27. Habitat Site #2: Surrounding Land Use (5000m buffer)
Habitat Site #2: Surrounding Land Use (5000m  buffer)
I Agriculture 
Barren 
I Developed 
I Forest 
Grassland 
I  Water 
I Wetland 
ifel Habitat Site #2
Land use/Land cover class Aaea (m2) Percentage of 5000m buffer (%)
Agriculture 16,550,780.00 18.4
Barren 93,331.47 0.1
Developed 38,888.11 0.1
Forest 54,453,356.00 60.6
Grassland 7,372,075.00 8.2
Water 1,376,639.13 1.5
Wetland 9,930,912.00 11.1
74
Figure 28. Habitat Site #3: Surrounding Land Use (5000m buffer)
Habitat Site #3: Surrounding Land Use (5000m  buffer)
I Agriculture 
Barren 
I Developed 
I Forest 
Grassland 
I  Water 
i  I  Wetland 
' Habitat Site #3
Land use/Land cover class Area (m2) Percentage of 5000m buffer (%)
Agriculture 14,241,937.00 15.9
Barren 462,212.97 0.5
Developed 413,325.06 0.5
Forest 56,339,984.00 63.0
Grassland 6,459,871.00 7.2
Water 1,686,632.88 1.9
Wetland 9,867,580.00 11.0
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Figure 29. Habitat Site #4: Surrounding Land Use (5000m buffer)
Habitat Site #4: Surrounding Land Use (5000m  buffer)
I Agriculture 
Barren 
H  Developed 
I  Forest 
Grassland 
I  Water 
I Wetland 
M Habitat Site #4
Land use/Land cover class Area (ni2) Percentage of 5000m buffer (%)
Agriculture 8,418,721.00 9.4
Barren 3,763,258.00 4.2
Developed 1,838,852.13 2.0
Forest 59,305,480.00 66.1
Grassland 2,954,385.25 3.3
Water 2,259,954.75 2.5
Wetland 11,236,442.00 12.5
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Figure 30. Habitat Site #5: Surrounding Land Use (5000m buffer)
Habitat Site #5: Surrounding Land Use (5000m  buffer)
I Agriculture 
Barren 
I Developed 
I  Forest 
Grassland 
■  Water 
Wetland 
H  Habitat Site #5
Land use/Land cover class Area (m2) Percentage of 5000m buffer (%)
Agriculture 6,826,530.00 7.2
Barren 5,594,332.50 5.9
Developed 174,440.95 0.2
Forest 68,260,856.00 71.7
Grassland 5,559,889.00 5.8
Water 696,652.75 0.7
Wetland 8,106,504.50 8.5
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Figure 31. Habitat Site #6: Surrounding Land Use (5000m buffer)
Habitat Site #6: Surrounding Land Use (5000m  buffer)
H  Agriculture 
Barren 
I Developed 
I Forest 
Grassland 
I  Water 
HI Wetland
Habitat Site #6
Land use/Land cover class Area (m2) Percentage of 5000m buffer (%)
Agriculture 20,102,932.00 22.7
Barren 539,989.19 0.6
Developed 3,175,492.00 3.6
Forest 39,495,876.00 44.6
Grassland 11,477,548.00 13.0
Water 2,227,733.25 2.5
Wetland 11,551,991.00 13.0
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Figure 32. Habitat Site #7: Surrounding Land Use (5000m buffer)
Habitat Site #7: Surrounding Land Use (5000m  buffer)
I Agriculture 
Barren 
I Developed 
I Forest 
Grassland 
I  Water 
I J Wetland 
itfj Habitat Site #7
Land use/Land cover class Area (m2) Percentage of 5000m buffer (%)
Agriculture 25,035,054.00 25.7
Barren 548,877.94 0.6
Developed 137,775.02 0.1
Forest 34,539,308.00 35.5
Grassland 21,980,672.00 22.6
Water 2,149,957.00 2.2
Wetland 12,927,519.00 13.3
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Figure 33. Habitat Site #8: Surrounding Land Use (5000m buffer)
Habitat Site #8: Surrounding Land Use (5000m  buffer)
I Agriculture 
Barren 
I Developed 
I Forest 
Grassland 
I  Water 
Wetland 
s -l Habitat Site #8
Land use/Land cover class Area (m3) Percentage of 5000m buffer (%)
Agriculture 18,411,854.00 20.2
Barren 1,371,083.75 1.5
Developed 77,776.22 0.1
Forest 39,062,552.00 42.8
Grassland 16,320,785.00 17.9
Water 3,034,383.75 3.3
Wetland 12,961,963.00 14.2
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Table 4. Degree of Threat to Priority Sites visited in the York River Watershed
Site Future Land U se(1) Tidal or 
Nontidal(2)
Degree of 
Threat(3)
Water quality 
improvement site #1
development nontidal H
Water quality 
improvement site #2
open space nontidal M
Water quality 
improvement site #3
medium density residential nontidal H
Water quality 
improvement site #5
low-medium density 
residential
nontidal H
Water quality 
improvement site #8
low density residential nontidal H
Water quality 
improvement site #9
medium density residential nontidal H
Flood mitigation site #1 development nontidal H
Flood mitigation site #2 open space nontidal M
Flood mitigation site #3 medium density residential nontidal H
Habitat site #1 rural tidal L
Habitat site #2 conservation nontidal M
Habitat site #3 floodplain nontidal M
Habitat site #7 conservation tidal L
Habitat site #8 floodplain tidal L
(,) based on future land use county plans.
(2) based on Comprehensive Coastal Inventory Program, 1995.
(3) H (high) = nontidal wetland AND future land use of development or residential area;
M (medium) = nontidal wetland OR future land use of development or residential area; 
L (low) = tidal wetland AND future land use not development or residential area.
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DISCUSSION
Over the years the conceptual view of environmental impacts has evolved 
significantly, from an early perspective that assessed mainly direct project 
impacts, to a later view that focused on cumulative impacts, and most 
recently to a landscape approach. This evolution in perspective has not been 
accompanied by corresponding shifts in the wetlands permit process 
(Race and Fonseca, 1996, p. 97).
The evaluation of wetland structure and function by macroscale properties rather than 
individual indicator species is one step toward decision-making with a landscape 
approach. Development and application of this site-selection protocol utilizing large, 
watershed-scale GIS data sets was successful in its ability to identify a small number of 
priority wetland sites for preservation. The protocol also was able to target threatened 
wetlands. Among the fourteen wetland priority sites visited, eleven are nontidal wetlands 
and therefore are not afforded significant regulatory protection. Half of the visited sites 
(7) are located in areas zoned as future development or residential areas. The protocol 
also was successful in relating preservation to compensatory mitigation of wetland 
functions lost, an improvement from the Virginia Wetland Restoration Trust Fund policy 
which focuses predominantly on a wetland’s availability and the presence or absence of 
RTE species.
Data which contributed substantially to site-selection were the determinants of 
opportunity to perform wetland functions other than land use/land cover, namely roads 
and point discharge sites. Application of these coverages to the wetland type and size
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data substantially narrowed the scope of the site-selection process. This is significant 
because such data would be omitted unless utilizing a landscape approach. Application 
of the land use/land cover criteria, however, did not contribute substantially to site- 
selection as no sites were surrounded by the targeted land use/land covers for each 
function. This is due to the fact that the York River watershed is predominantly (64 
percent) forest land; this high percentage essentially precluded the identification of 
wetland sites surrounded by agriculture, barren, and developed land use/land covers. 
While land use/land cover should still be considered in any site-selection protocol due to 
its influence on a wetland’s opportunity to perform certain functions, other analytical 
possibilities exist. For example, analysis of surrounding land use/land cover could be 
examined in conjunction with future land use or zoning data in order to identify areas of 
current or future development.
The protocol did not identify any of the three NERRS sites as preservation priorities.
This is due to a number of factors. The NERRS sites are predominantly estuarine 
emergent (EEM) wetlands, a type not highly ranked for any of the three functions of 
interest. Estuarine emergent wetlands were ranked, however, as medium priority for water 
quality improvement and habitat, but as low priority for flood mitigation due to their 
saturated condition and shorter vegetation which do not provide effective resistance to 
flood flows. In addition, the three NERRS sites each comprise a complex of individual 
wetlands which may not reach the minimum size targeted for flood mitigation and habitat 
functions when analyzed separately.
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This protocol could be refined in a number of ways to improve its application, three of 
which seem most critical: more data, technical sophistication, and scientific study. 
Additional GIS data of interest includes, but is not limited to, future land use or zoning 
maps, soil surveys, the 100-year floodplain map, and tax (plat) maps delineating property 
titles, boundaries, and specifically, public/private land boundaries. Currently, none of 
these maps are available in a digitized format, and in fact, most of these maps are not 
available on a watershed basis. For instance, soil surveys by the NRCS are not yet 
available on paper for several counties within the York River watershed; similarly, the 
100-year floodplain map is only available in a GIS format for Gloucester county. Other 
data layers could be utilized depending on functions of interest. For example, the 
Chesapeake Bay Program is currently utilizing the proximity of aquatic reefs and 
submerged aquatic vegetation to wetlands as an indicator of priority aquatic habitats 
(Chesapeake Bay Program, Wetlands Workgroup, 1997). More data should become 
available to natural resource managers with the increasing innovations in and applications 
of remote-sensing technology. The use of both aerial photography and satellite imagery 
already can provide gross measures of vegetative density and diversity, as well as offer a 
means to monitor wetland loss and detect events such as logging and fires (Carter, 1982).
Advances in technical sophistication also would improve the application of this and other 
GIS protocols geared for natural resource managers and decision-makers. Previous 
applications of similar protocols were performed by predominantly GIS specialists 
(Chesapeake Bay Program, 1997; Sutter and Wuenscher, 1997 (draft); Havens, 1996
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(draft); Kempka et al., 1995). Application of this protocol was also intensive on GIS 
knowledge and experience. Recent developments in GIS software offer a “user-friendly” 
menu-driven interface with GIS (ARC/VIEW software), rather than a set of complex 
command lines (ARC/INFO software). These developments should increase accessibility 
to and application of such protocols by local and regional natural resource managers and 
decision-makers.
Finally, there is a need for more scientific studies which examine the links between 
indicators of wetland function and the functions themselves. Further studies which 
compare various wetland systems, as well as influences on these systems, also are needed. 
While there are numerous methodologies which assess and rank wetlands based on 
effectiveness and opportunity to perform wetland functions, the rankings often are based 
on site-specific studies and broad inferences from these studies. As conceptual models of 
wetland function, these assessment methods should be validated frequently through 
review and revision. Likewise, additional scientific study of wetlands will aid in the 
validation of this conceptual model.
Appropriate application of this protocol is based on its design to identify wetlands with 
the highest probability of performing or providing specific wetland functions. Due to the 
fundamental interest in optimal site characteristics, the protocol is not designed to 
identify gradients of function. Indeed, conclusions that non-selected wetlands are 
necessarily low or moderate in functionality would be inappropriate.
Current applications of this study involve the Chesapeake Bay Program and local
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watershed management associations. The Chesapeake Bay Program Wetlands Initiative 
was developed in January 1997 as a planning tool for local governments to identify 
priority wetlands for preservation and restoration. Testing a modified version of this 
protocol, the Chesapeake Bay Program performed pilot studies on small watersheds in the 
state of Maryland and commonwealth of Pennsylvania during Spring 1997. Local 
watershed management associations are now considering the results of the studies for 
management purposes.
Further applications may involve the U.S. EPA, as the 1990 Memorandum of Agreement 
on Wetland Mitigation between the U.S. EPA and the Corps states that specific guidance 
for preservation as compensatory mitigation will be developed at a later date (U.S. EPA 
and USACE, 1990). In addition, the Corps-Norfolk District expressed an interest in such 
a protocol for site-selection of wetland preservation areas (Culpepper, pers. comm.,
1996). This would aid the Corps in consideration of watershed impacts for both permit 
issuance and mitigation determination in a process currently constrained by the site-by- 
site nature of the permitting process. Another possible application of this study is in the 
development of a GIS protocol to target restoration sites within a watershed. This may 
occur in part through the Chesapeake Bay Program Wetlands Initiative.
Wetland compensatory mitigation is here to stay as long as impacts to wetlands are 
permitted; “mitigation, in various forms, is the primary tool of current national and 
statewide wetland policies aimed at slowing the hemorrhaging trend of net wetland
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losses” (Ratner, 1994, p.l 138). Yet neither permit programs nor the preferred mitigation 
options - creation, restoration, and enhancement - have met goals of no net loss. The 
Chesapeake Bay Foundation (1994) concluded that the overwhelming majority of permit 
applications for wetland impacts are approved, unregulated wetland losses are common 
due to lack of enforcement and permit compliance efforts, and compensatory mitigation 
does not replace permitted wetland losses. “It is clear ... that wetlands permit programs 
will never, on their own, achieve either the national or Chesapeake Bay region’s goals of 
‘no net loss and net resource gain.’ At their best, ... these programs may retard the loss of 
wetland acreage” (Chesapeake Bay Foundation, 1994, p. iv). Beyond weaknesses in 
wetlands permitting programs, the federal no net loss policy states that no net loss cannot 
realistically be met for every permit (U.S. EPA and USACE, 1990). In fact, all wetlands 
are not created equal, and as such, should not necessarily be afforded the same degree of 
protection.
The use of preservation in mitigation banking often has been deemed a “win-win” 
situation; as Florida Governor Lawton Chiles stated at Carol Browner’s confirmation 
hearing as EPA Administrator, the ultimate goal is “to preserve ... large bodies of land 
that [have] great ecological significance. And everybody is ... happy. The 
environmentalists are happy. [The developer] is happy. It means that construction and 
building will go forward in ... our state” (Ratner, 1994, p. 1139, citing Hearing of the 
Senate Environment and Public Works Committee, Confirmation of Carol M. Browner as 
U.S. EPA Administrator, Testimony of Gov. Chiles, January 11, 1993). While some
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environmental organizations, such as the Sierra Club, dislike the idea that the government 
allows people to pay to destroy a natural wetland, involvement of other environmental 
organizations such as the Nature Conservancy does not allow a consensus among 
environmental groups to be built.
Thus, the question has been posed: “what if many high quality wetlands are preserved in 
exchange for the filling of lower quality wetlands? Has there not been some 
environmental gain in such a transaction?” (Gardner, 1996, p. 4). The state of Florida 
and commonwealth of Virginia, and environmental organizations such as the Nature 
Conservancy, support this exchange as one means of compensatory mitigation. As of 
February 1997, the Corps’ Seattle District also allows contributions to wetland trust funds 
or in lieu fees to organizations such as the Nature Conservancy or a natural resource 
management agency for the creation, restoration, enhancement, replacement, or 
preservation of wetlands as mitigation (USACE, 1997). And until permit programs cease 
or other compensatory mitigation options improve, preservation as compensation will 
continue to be utilized.
This protocol serves three needs of managers and decision-makers: a synthesis of current 
technical understanding of wetland functions, an integration of current technical 
understanding into management guidance, and a means to shift wetlands management 
from a resource-specific, site-by-site system to an entire system encompassing the 
watershed. The protocol utilizes a synthesis of current knowledge and management of
wetlands, while allowing for modifications with further developments in the science. The 
current information has been combined to establish this protocol of simple rules which 
can be utilized with only a few data sets to make decisions such as the selection of 
preservation sites. Furthermore, the protocol not only offers a means to shift decision­
making from a site-by-site basis to a watershed or landscape approach, but also facilitates 
understanding and thought on the importance of environmental management within a 
landscape approach.
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APPENDIX A: Memorandum of Understanding between the Nature Conservancy 
and the U.S. Army Corps of Engineers: the Virginia Wetlands Restoration Trust Fund
V I R G I N I A  W E T L A N D S  R E S T O R A T I O N  T R U S T  F U N D
MEMORANDUM OF UNDERSTANDING BETWEEN THE NATURE CONSERVANCY 
AND THE U.S. ARMY CORPS OF ENGINEERS
This is a Memorandum of Understanding (MOU) between the U.S. 
Army Corps of Engineers (hereinafter "Corps") and The Nature 
Conservancy (hereinafter “the Conservancy") to implement the 
establishment of the Virginia Wetlands Restoration Trust Fund, as 
described below. The purpose of this trust fund is to establish 
an additional mechanism to compensate for wetland losses caused by 
Clean Water Act regulated activities in Virginia and to provide 
greater flexibility to Clean Water Act applicants. The Corps and 
the Conservancy agree to follow the procedures set forth below.
1 . Purpose
A. The purpose of this MOU is to create the Virginia 
Wetlands Restoration Trust Fund which will provide an additional 
wetlands compensation alternative for Section 404 Clean Water Act 
applicants. The goal of this fund is to provide certain 
applicants more flexibility in their wetland mitigation 
requirements and to restore and preserve as many wetland acres in 
their natural condition as possible with the funds available.
This trust fund will be used in permit actions involving Corps 
Nationwide Permits (NWPs) as set forth in the Code of Federal 
Regulations (33 CFR Part 330, Appendix C(13) (f) ) and in other 
cases if accepted by all involved parties. The use of this fund 
for compensatory mitigation may occur only after the relevant 
permitted activity has complied with Corps regulations and policy 
regarding wetlands avoidance and minimization.
2 . Program Operation
In permit approval cases where the Corps has determined 
that avoidance or minimization of wetland impacts is impossible, 
impractical, or not in the best interest of the environment, the 
Corps has determined that it is desirable to provide for an 
arrangement to allow off-site mitigation for the loss of wetland 
function and value occasioned by the issuance of such permit. In 
those cases, the Conservancy, pursuant to the terms of this MOU, 
will act as a passive recipient of the mitigation resources which 
are required of the permittee by the Corps. The Conservancy will 
play no role in the Corps decision to approve or deny a permit or 
whether mitigation is a necessary condition of any such permit. 
Once mitigation funds are received by the Conservancy, the 
Conservancy will submit proposals for the expenditure of funds to 
the_ Corps for approval as set forth in this MOU. The Corps will 
approve specific proposals for restoration, creation, enhancement, 
or preservation based on site suitability, maximum return on
expended funds, and an acceptable wetlands development plan. In g\  
cases of wetland preservation, Corps approval of proposals will be 
based on site suitability, maximum return on expended funds, and 
level of threat to those wetlands subject to the proposal. In its 
site selection process, the Conservancy may request information on 
non-related Corps actions through the normal Freedom of 
Information Act process. The Trust Fund and all of its actions 
will operate separately from Corps regulatory actions except as 
specified in this MOU.
3 . Mitigation Resources
Mitigation resources shall consist of funds offered as 
mitigation by applicants to compensate for wetlands losses in 
connection with issuance of a Corps NWP. Said funds will be 
delivered to the Conservancy in cash or by certified check, to be 
held in the Fund and used by the Conservancy for acquisition, 
protection, management, and stewardship of wetland systems in 
Virginia as described below. The Conservancy hereby agrees to 
receive and expend said funds in the manner and with the 
limitations described below.
4 . Site Selection
A. The Conservancy will recommend wetland mitigation 
proposals for which Trust Fund moneys will be expended. The Corps 
will approve expenditures from the fund for wetland mitigation; 
including wetland restoration, creation, enhancement, or
preservation on a case-by-case basis. A primary goal of the fund
is to ensure that at least two acres of wetlands are created or
restored for each acre impacted by NWP activities. The Corps will
maintain a running total of impacted wetland acres, by type and 
watershed, for which use of the fund has been selected for 
mitigation. This data will be used in the site selection process, 
if practicable, to attempt to mitigate wetland impacts in 
watersheds which are suffering the greatest impacts. The 
Conservancy will try to use funds accepted from a number of 
permitted, projects collectively so as to maximize the size of 
sites available for restoration or creation. This is to attempt 
to provide a ratio greater than 2:1 of restored and/or created 
wetland acres to impacted wetland acres.
B. Regarding the purchase and preservation of wetland 
acres by the fund, a minimum ratio of 10:1 wetland acres preserved 
to impacted is desirable. However, all proposals for preservation 
will be reviewed by the Corps on a case-by-case basis. In its 
decision, the Corps may consider the functional values of those 
wetlands proposed for preservation in conjunction with those 
wetlands impacted. The Conservancy will select sites for 
preservation and may use the Virginia Natural Heritage program as 
a guide. The Heritage Program is a comprehensive statewide 
database of Virginia's rarest and most threatened ecosystems, 
natural communities, and species.
5 . Geographical Scope
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A. The program will target critical wetlands and 
riparian habitats in Virginia. A number of very important sites 
are located in southeast Virginia including sites along the North 
Landing and Northwest Rivers in Virginia Beach and Chesapeake.
Also, certain wetland areas around the Great Dismal Swamp, the 
Chowan River Basin, and Chesapeake Bay tributaries within the 
coastal plain of Virginia may.be considered.
B. Although the emphasis of the Fund is on wetlands 
restoration and creation, the Conservancy may develop proposals 
related to wetland enhancement or preservation and submit them to 
the Corps for expenditure approval. These proposals need not be 
limited to wetlands creation, enhancement, restoration, 
preservation, or the above geographical scope.
6. Consultation and Approval
The Conservancy's land protection, science, and 
stewardship staff will consult with the Corps prior to expenditure 
of funds for specific tracts of land and water. The Conservancy 
will expend f u n d s  on projects only after consultation with, and 
only after approval by the Corps. All expenditures of funds are 
also subject to the Conservancy's corporate policies and 
procedures.
7 . Financial Controls
The Conservancy shall hold any funds collected pursuant 
to this MOU in an interest-bearing escrow account in an investment 
instrument or banking institution so as to earn interest while 
maximizing the safety and preservation of the principal amount of 
funds in the account. The Conservancy shall account for the funds 
so held, in accordance with generally accepted accounting 
principles, and the account shall be subject to audit by the Corps 
from time to time. The Conservancy will provide the Corps with an 
account statement on a quarterly basis which states the balance of 
the fund and the investment instruments in which the fund is 
invested. Interest earned by the fund will remain with the fund. 
Funds left over from mitigation or restoration proposals/projects 
will remain with the fund.
8 . Administrative Overhead and Interest
The Conservancy will receive an overhead fee for each 
acquisition project at the rate of 3% of the first $500,000 of the 
purchase price of the acquisition property, 2% for the second 
$500,000, and 1% for any amount greater than $1,000,000 in 
purchase price for the acquisition property. For restoration 
projects, an hourly rate will be determined to compensate for 
Conservancy staff time. This amount must be agreed to by both 
parties (Corps and Conservancy) and will be charged to the fund.
9 . Time Frame
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All moneys from this account are to be allocated to 
specific projects within three years of the date the funds are 
received by the Conservancy. If more than three years passes from 
the date of receipt of funds, ‘the Corps may direct that the funds 
be allocated to another Conservancy project or another non-profit 
entity such as the State of Virginia Non-Game Wildlife Fund or 
similar undertaking. An extension of the three year time limit by 
be granted by the Corps on a case-by-case basis.
10. Good Faith
The parties hereto agree that both will exercise their 
rights and obligations in good faith as contained in this MOU.
11. Amendment and Termination
This MOU may be amended or terminated by either party by- 
giving ninety (90) days written notice to the other party. 
Amendments require written approval by both the Corps and the 
Conservancy. Prior to termination, the Conservancy shall provide 
an accounting of funds and shall complete payment on contracts for 
projects approved by the Corps and any expenses incurred on behalf 
of the account. Upon termination, the Corps direction of funds as 
set forth in section 9 will apply.
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This MOU has been duly executed in two duplicate 
originals on this Vgiu day of 1995.
Its:
THE NATURE CONSERV.
By:
fficer
COMMONWEALTH OF \h*Lk,>itN 
CITY OF ) ss
On this day of r 1995, before me personally
appeared Mr. Bruce Runnels, to me personally known, who being by 
me duly sworn did say that he is the Chief Conservation Officer of 
The Nature Conservancy, the corporation named in the foregoing 
instrument; that the seal affixed to said instrument' is the 
corporation seal of said corporation; and acknowledged said 
instrument to. be the free act and deed of said corporation.
bNotai-y Publi'c.. „ ,
My Commission Expires: ■5^ 1v<Vt3"
U.S. ARMY CORPS OF ENGINEERS
: Ci/AcUlBy: Vlrtvd oXAj'____________________
Its: District Engineer, Norfolk
STATE OF 
COUNTY OF
)
SS
On this IC+j, day of r 1995, before me personally
came COL Andrew M. Perkins, J r J ,to me known, who, being by me 
duly sworn did depose and say that he is the District Engineer of 
the Army Corps of Engineers, Norfolk District, described in and 
which executed the foredoing instrument.
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APPENDIX B: Wetland Rank Verification Field Sheets
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Water Quality Improvement Site #1: Wetland Rank Verification
GENERAL INFORMATION:
Site #1
Location: nearest waterbody Po River
nearest town/city Thornburg
county Spotsylvania
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/ 10:00am
Ownership private - received permission to visit from landowner
VERIFICATION OF GIS DATA: Y N Comments:
Wetland type = PSS or PFO / PFO
Point discharge site within 33 m / Indian Acres o f Thornburg minor discharge site
Paved roads within 33 m /
Land use within 1000 m < 100% 
agriculture, barren, developed, grassland
/
SITE CHARACTERISTICS: Y N Comments:
Significant constriction at outlet /
Very sinuous channel / moderately sinuous, notably near discharge site
Ponding / steep banks; owner noted floods once/year
High vegetative density
Vegetative species present:
Acer rubrum  (red maple) - FAC 
Betula nigra (river birch) - FACW 
Carpinus caroliniana (ironwood) - FAC 
Liquidambar styracifula (sweetgum) - FAC 
Plantanus occidentalis (sycamore) - FACW
Additional comments:
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Water Quality Improvement Site #2: Wetland Rank Verification
GENERAL INFORMATION:
Site #2
Location: nearest waterbody Polecat Creek
nearest town/city Penola
county Caroline
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/ 11:00am
Ownership D/K
VERIFICATION OF GIS DATA: Y N Comments:
Wetland type = PSS or PFO / PFO
Point discharge site within 33 m / Caroline co. Regional STP* minor discharge site
Paved roads within 33 m V
Land use within 1000 m < 100% 
agriculture, barren, developed,grassland
/
SITE CHARACTERISTICS: Y N Comments:
Significant constriction at outlet D/K
Very sinuous channel /
Ponding /
High vegetative density /
* Sewage Treatment Plant
Vegetative species present:
Acer rubrum (red maple) - FAC 
Betula nigra (river birch) - FACW 
Carpinus caroliniana (ironwood) - FAC 
Quercus michauxii (basket oak) - FACW
Additional comments:
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Water Quality Improvement Site #3: Wetland Rank Verification
GENERAL INFORMATION:
Site #3
Location: nearest waterbody Little River
nearest town/city Verdon
county Hanover
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/2:30pm
Ownership D/K
VERIFICATION OF GIS DATA: S s till Comments:
Wetland type = PSS or PFO / PFO
Point discharge site within 33 m / General Crushed Stone major discharge site
Paved roads within 33 m /
Land use within 1000 m < 100% 
agriculture, barren, developed, grassland
/
SITE CHARACTERISTICS: 111!Ill Comments:
Significant constriction at outlet y
Very sinuous channels
Ponding y in riparian area
High vegetative density y
Vegetative species present:
Acer rubrum  (red maple) - FAC 
Betula nigra (river birch) - FACW 
Plantanus occidentalis (sycamore) - FACW
Additional comments:
99
Water Quality Improvement Site #5: Wetland Rank Verification
GENERAL INFORMATION:
Site #5
Location: nearest waterbody Mattaponi River
nearest town/city Bowling Green
county Caroline
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/ 11:30am
Ownership D/K
VERIFICATION OF GIS DATA: Y N Comments:
Wetland type =LEM, PEM, PSS, PFO / PEM
Point discharge site within 33 m / Bowling Green WWTP* minor discharge site
Paved roads within 33 m /
Land use within 1000 m < 100% 
agriculture, barren, developed, grassland
V
SITE CHARACTERISTICS: Y N Comments:
Significant constriction at outlet /
Very sinuous channels
Ponding /
High vegetative density /
* Wastewater Treatment Plant
Vegetative species present:
Acer rubrum  (red maple) - FAC 
Carpinus caroliniana (ironwood) - FAC 
Liquidambar styraciflua (sweetgum) - FAC 
Nuphar luteum (spatter dock) - OBL 
Sagittaria falcata  (bultongue) - OBL
Additional comments:
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Water Quality Improvement Site #8: Wetland Rank Verification
GENERAL INFORMATION:
Site #8
Location: nearest waterbody North Anna River
nearest town/city Garnett Crossing
county Hanover
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/2:00pm
Ownership D/K
VERIFICATION OF GIS DATA: Y N Comments:
Wetland type =LEM, PEM, PSS, PFO / PEM
Point discharge site within 33 m / Doswell WTP* minor discharge site
Paved roads within 33 m /
Land use within 1000 m < 100% 
agriculture, barren, developed, grassland
/
SITE CHARACTERISTICS: Y N Comments:
Significant constriction at outlet /
Very sinuous channels /
Ponding /
High vegetative density /
* Water Treatment Plant 
Additional comments:
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Water Quality Improvement Site #9: Wetland Rank Verification
GENERAL INFORMATION:
Site #9
Location: nearest waterbody Crump Creek
nearest town/city Ashland
county Hanover
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/3:00pm
Ownership D/K
VERIFICATION OF GIS DATA: Y N Comments:
Wetland type =LEM, PEM, PSS, PFO V PFO
Point discharge site within 33 m / Barrett learning center STP* minor discharge site
Paved roads within 33 m /
Land use within 1000 m < 100% 
agriculture,barren,developed,grassland
/
SITE CHARACTERISTICS: Y N Comments:
Significant constriction at outlet /
Very sinuous channels /
Ponding /
High vegetative density /
* Sewage Treatment Plant
Vegetative species present:
Acer rubrum (red maple) - FAC 
Betula nigra (river birch) - FACW 
Carpinus caroliniana (ironwood) - FAC 
Fagus grandifolia (beech tree) - FACU 
Plantanus occidentalis (sycamore) - FACW 
Populus spp. (cottonwood)
Quercus michauxii (basket oak) - FACW
Additional comments:
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Flood Mitigation Site #1: Wetland Rank Verification
GENERAL INFORMATION:
Site #1
Location: nearest waterbody Po River
nearest town/city Thornburg
county Spotsylvania
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/ 10:00am
Ownership private - received permission to visit from landowner
VERIFICATION OF GIS DATA: /Y  ; N Comments:
Wetland type = PSS or PFO / PFO
Wetland size > 16,000 m2 279,000.00 m2
Point discharge site within 33 m / Indian Acres of Thornburg minor discharge site
Paved roads within 33 m /
Land use within 5000 m is not 
> 50% developed
/
SITE CHARACTERISTICS: Y--y N Comments:
Significant constriction at outlet /
Very sinuous channel / moderately sinuous, notably near discharge site
Ponding / steep banks; owner noted floods once/year
High vegetative density /
Large fetch steep banks
Regular disturbance of soils /
Erosion at wetland edge /
Vegetative species present:
Acer rubrum  (red maple) - FAC 
Betula nigra (river birch) - FACW 
Carpinus caroliniana (ironwood) - FAC 
Liquidambar styracifula (sweetgum) - FAC 
Plantanus occidentalis (sycamore) - FACW
Additional comments:
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Flood Mitigation Site #2: Wetland Rank Verification
GENERAL INFORMATION:
Site #2
Location: nearest waterbody Polecat Creek
nearest town/city Penola
county Caroline
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/ 11:00am
Ownership D/K
VERIFICATION OF GIS DATA: Y N Comments:
Wetland type = PSS or PFO / PFO
Wetland size > 16,000 m2 558,570.69 m2
Point discharge site within 33 m / Caroline co. Regional STP* minor discharge site
Paved roads within 33 m /
Lu/lc within 5000 m is not 
> 50% developed
/
SITE CHARACTERISTICS: Y n  ; Comments:
Significant constriction at outlet D/K
Very sinuous channel /
Ponding /
High vegetative density /
Large fetch /
Regular disturbance of soils /
Erosion at wetland edge /
* Sewage Treatment Plant
Vegetative species present:
Acer rubrum  (red maple) - FAC 
Betula nigra (river birch) - FACW 
Carpinus caroliniana (ironwood) - FAC 
Quercus michauxii (basket oak) - FACW
Additional comments:
fairly wide floodplain
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Flood Mitigation Site #3: Wetland Rank Verification
GENERAL INFORMATION:
Site #3
Location: nearest waterbody Little River
nearest town/city Verdon
county Hanover
Evaluator(s) LMD and Kirk Havens
Date/time 10-17-97/2:30pm
Ownership D/K
VERIFICATION OF GIS DATA: Y ' N Comments:
Wetland type = PSS or PFO V PFO
Wetland size > 16,000 m2 76,146.69 m2
Point discharge site within 33 m / General Crushed Stone major discharge site
Paved roads within 33 m /
Land use within 5000 m is not 
> 50% developed
/
SITE CHARACTERISTICS: Y N Comments:
Significant constriction at outlet /
Very sinuous channels /
Ponding / in riparian area
High vegetative density /
Large fetch /
Regular disturbance of soils /
Erosion at wetland edge /
Vegetative species present:
Acer rubrum  (red maple) - FAC 
Betula nigra (river birch) - FACW 
Plantanus occidentalis (sycamore) - FACW
Additional comments:
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Habitat Site #1: Wetland Rank Verification
GENERAL INFORMATION:
Site #1
Location: nearest waterbody Mattaponi River
nearest town/city Rumford
county King and Queen
Evaluator(s) LMD and Gene Silberhorn
Date/time 10-13-97/9:00am
Ownership D/K
VERIFICATION OF GIS DATA: - Y N GIS data
Wetland type = EFO or PFO / PFO
Wetland size > 101,170 m2 (10 ha) 522,907.84 m2
No point discharge sites within 33 m /
No paved roads within 33 m /
Land use within 5000 m <100% 
forest and wetland
/
SITE CHARACTERISTICS: . X  . N Comments
Little to no signs o f disturbance /
Natural channel y
Standing snags with >2" cavities y
Trees with >10" DBH /
Plants with fleshy fruit y e.g. Nyssa sylvatica (black gum)
Acorn or cone-bearing trees or shrubs y e.g. Pinus taeda (loblolly pine)
Thick canopy closure y
Tilled land with waste grains y
Vegetative species present:
Acer rubrum (red maple) - FAC; co-dominant species
Betula nigra (river birch) - FACW; found predominantly along river
Fraxinus pennsylvanica (green ash) - FACW
Liquidambar styraciflua (sweetgum) - FAC; co-dominant species
Nyssa sylvatica (black gum) - FAC
Pinus taeda (loblolly pine) - FAC
Plantanus occidentalis (sycamore) - FACW
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Habitat Site #2: Wetland Rank Verification
GENERAL INFORMATION:
Site #2
Location: nearest waterbody Mattaponi River
nearest town/city Aylett
county King William
Evaluator(s) LMD and Gene Silberhom
Date/time 10-13-97/ 10:00am
Ownership private - received permission to view from landowner
VERIFICATION OF GIS DATA: Y N GIS data
Wetland type = EFO or PFO / PFO
Wetland size > 101,170 m2 (10 ha) 110,713.72 m2
No point discharge sites within 33 m /
No paved roads within 33 m /
Land use within 5000 m <100% 
forest and wetland
/
SITE CHARACTERISTICS: ■ Y N Comments
Little to no signs of disturbance /
Natural channel /
Standing snags with >2" cavities /
Trees with >10" DBH /
Plants with fleshy fruit / e.g. Magnolia virginiana (sweetbay magnolia)
Acorn or cone-bearing trees or shrubs / e.g. Pinus taeda (loblolly pine)
Thick canopy closure /
Tilled land with waste grains
Vegetative species present:
Acer rubrum (red maple) - FAC
Betula nigra (river birch) - FACW; co-dominant species 
Fraxinus pennsylvanica (green ash) - FACW 
Liquidambar styraciflua (sweetgum) - FAC 
Magnolia virginiana (sweetbay mgnolia) - FACW 
Pinus taeda (loblolly pine) - FAC
Plantanus occidentalis (sycamore) - FACW; co-dominant species
Additional comments:
open swamp area; possibly flooded by a beaver dam
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Habitat Site #3: Wetland Rank Verification
GENERAL INFORMATION:
Site #3
Location: nearest waterbody Mattaponi River
nearest town/city Point Eastern
county Caroline
Evaluator(s) LMD and Gene Silberhom
Date/time 10-13-97/ 11:30am
Ownership D/K
VERIFICATION OF GIS DATA: GIS data
Wetland type = EFO or PFO / PFO
Wetland size > 101,170 m2 (10 ha) 174,239.85 m2
No point discharge sites within 33 m /
No paved roads within 33 m /
Land use within 5000 m <100% 
forest and wetland
/
SITE CHARACTERISTICS: Y N Comments
Little to no signs of disturbance /
Natural channel /
Standing snags with >2" cavities /
Trees with >10" DBH /
Plants with fleshy fruit
Acorn or cone-bearing trees or shrubs / e.g. Quercus pagoda  (cherry bark oak)
Thick canopy closure /
Tilled land with waste grains /
Vegetative species present:
Betula nigra (river birch) - FACW; co-dominant species 
Liquidambar styraciflua (sweetgum) - FAC 
Plantanus occidentalis (sycamore) - FACW; co-dominant species 
Populus spp. (cottonwood)
Quercus pagoda  (cherry bark oak) - FACW
Additional comments:
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Habitat Site #7: Wetland Rank Verification
GENERAL INFORMATION:
Site #7
Location: nearest waterbody Pamunkey River
nearest town/city Old Church
county Hanover
Evaluator(s) LMD and Gene Silberhorn
Date/time 10-13-97/ 1:00pm
Ownership private - recieved permission to view from landowner
VERIFICATION OF GIS DATA: Y N GIS data
Wetland type = EFO or PFO / PFO
Wetland size > 101,170 m2 (10 ha) 365,643.35 m2
No point discharge sites within 33 m /
No paved roads within 33 m /
Land use within 5000 m <100% 
forest and wetland
/
SITE CHARACTERISTICS: Y . N Comments
Little to no signs of disturbance /
Natural channel /
Standing snags with >2" cavities /
Trees with >10"DBH /
Plants with fleshy fruit / e.g. Asimina triloba (common pawpaw); 
Nyssa sylvatica (black gum)
Acorn or cone-bearing trees or shrubs / e.g. Quercus michauxii (basket oak); 
Quercus pagoda  (cherry bark oak)
Thick canopy closure /
Tilled land with waste grains according to landowner across river
Vegetative species present:
Acer rubrum  (red maple) - FAC; numerous 
Asimina triloba (common pawpaw) - FAC 
Betula nigra (river birch) - FACW; numerous 
Fraxinus pennsylvanica (green ash) - FACW 
Liquidambar styraciflua (sweetgum) - FAC 
Nyssa sylvatica (black gum) - FAC 
Plantanus occidentalis (sycamore) - FACW; numerous 
Quercus michauxii (basket oak) - FACW 
Quercus pagoda  (cherry bark oak) - FACW
109
Habitat Site #8: Wetland Rank Verification
GENERAL INFORMATION:
Site #8
Location: nearest waterbody Pamunkey River
nearest town/city Retreat
county King William
Evaluator(s) LMD and Gene Silberhom
Date/time 10-13-97/2:00pm
Ownership private - received permission to visit from landowner
VERIFICATION OF GIS DATA: :V;.: N GIS data
Wetland type = EFO or PFO / PFO
Wetland size > 101,170 m2 (10 ha) 260,788.45 m2
No point discharge sites within 33 m /
No paved roads within 33 m /
SITE CHARACTERISTICS: Mn W a Comments
Little to no signs of disturbance /
Natural channel /
Standing snags with >2" cavities /
Trees with >10"DBH /
Plants with fleshy fruit / e.g. Nyssa sylvatica (black gum)
Acorn or cone-bearing trees or shrubs / e.g. Pinus taeda (loblolly pine)
Thick canopy closure /
Tilled land with waste grains /
Vegetative species present:
Acer rubrum  (red maple) - FAC; numerous
Alnus spp. (Alder) - FACW or OBL
Betula nigra (river birch) - FACW; numerous along river
Fraxinus pennsylvanica (green ash) - FACW
Nyssa sylvatica (black gum) - FAC; numerous
Rosa palustris (swamp rose) - OBL
Additional comments:
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